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CLINICAL ASPECTS OF PAIN IN THE CHEST 
I. ANGINA PECTORIS 


By Trnstey R. HARRISON 
WINSTON-SALEM, N. C. 


(From the Department of Internal Medicine of the Bowman Gray School of Medicine 
of Wake Forest College) 


THORACIC distress is a common complaint. Thus, of the past 200 
adult, non-obstetrical patients admitted to the North Carolina Baptist 
Hospital, 55 have complained of pain in the abdomen, 28 of pain in the 
chest, and 20 of pain in the head. When only patients admitted to the 
medical service are considered, the corresponding figures are 57, 50 
and 38, respectively. It may be stated, therefore, that pain in the 
region of the chest is present in 15 to 25% of all adult patients who are 


sufficiently ill to need hospitalization, and that discomfort in this area 
is probably more common than in any other region of the body except 
the abdomen. 

The majority of conditions which cause pain in the chest are either 
of serious nature or of trifling significance. Unfortunately, the differ- 
entiation between the two groups of disorders, though sometimes easy, 
is often difficult and occasionally well-nigh impossible. Hence, dis- 
astrous mistakes in treatment and embarrassing errors in prognosis are 
frequently made. In view of the puzzling manifestations and frequent 
occurrence of this symptom a study has been made of a large group of 
patients with chest pain. 

The investigation, of which the present report is the first part, has 
lasted for a number of years and has dealt with several hundred 
patients. A complete history and physical examination have been 
made in all cases, and electrocardiograms and roentgenologic studies 
have been carried out in most of them. Additional investigations have 
been made when indicated. As the study has progressed it has become 
more and more apparent that the history is, in most patients, the 
single most important method of examination, and in many patients 
is more important than all other procedures combined. Therefore, 

especial emphasis has been placed on an attempt to analyze the sub- 
sect aspects of chest pain. 

vou. 207, no. 5—may, 1944 


562 HARRISON: CLINICAL ASPECTS OF PAIN IN THE CHEST 


Methods. Most of the patients have been observed by the author per- 
sonally, many of them on the wards of the North Carolina Baptist Hospital. 
Some have been seen in consultation, and a small number of the cases analyzed 
have been taken from records which were kindly loaned by professional col- 
leagues. Since the purpose of the study has been primarily to try to assist in 
developing better criteria for separating the pain due to disturbance in the 
coronary circulation from that due to other disorders, patients with pain 
limited to the back of the chest and those with discomfort due to pleurisy 
brought about by acute infections have been omitted from the series. A few 
patients with pain limited to the shoulders or arms have been included, even 
when there was no pain in the chest. 

The method of study has consisted of an unusually careful analysis of the 
pain, including detailed questioning concerning location, radiation, duration, 
intensity, quality, and above all, concerning the relationship of the pain to 
various body functions. A given patient’s pain has been classified and put 
into a special category only when the causation of the pain has seemed to be 
determined with reasonable accuracy, as the result of all the studies made of 
the patient. In many instances it has not been possible to make a satisfactory 
diagnosis; some of the most baffling and interesting cases have remained 
puzzles and hence are not included in the series. 


Angina pectoris has been selected as the subject of the first report, 
not only because this disorder embraced the largest single group of 
patients, but also for the purpose of obtaining a standard for compari- 
son with other disorders causing pain which may to some extent sim- 
ulate that due to coronary disease. Since the term ‘‘angina pectoris” 
is still used somewhat differently by various authors, it may be well 
to define at the beginning the meaning attached to it in this com- 
munication. By the term “angina pectoris,” I refer to a condition 
characterized by recurrent attacks of discomfort in or near the chest, 
commonly induced by conditions which impose an additional burden 
on the heart, ordinarily dependent on disturbance of the oxidative 
processes in the myocardium and always attended by the likelihood of 
sudden death. Hence, pain due to myocardial infarction is excluded 
from consideration in this report. Certain patients with angina 
pectoris, as herein defined, have likewise been omitted. Thus, sub- 
jects with anginal attacks occurring as prodromal events prior to 
myocardial infarction, and patients with “status anginosus” are not 
included. These acute conditions, although falling within the category 
of angina pectoris, may be more properly studied in relation to myo- 
cardial infarction, with which they are closely allied, rather than in 
connection with the ordinary form of angina pectoris, which is a much 
more chronic disorder. 

Since, according to the definition which has been given, the anginal 
syndrome is delimited in terms of clinical and functional rather than 
structural criteria, a critical reader will feel justified in entertaining 
some question as to the accuracy of the diagnosis. Granting the 
likelihood that a few of the patients included in the series may have 
been erroneously considered to have been suffering from angina pec- 
toris, it seems improbable that the percentage of diagnostic error could 
be large. The reasons for this statement are as follows: 

1. Of the 77 patients with whom this reports deals, 34 presented 
the picture of myocardial infarction either prior to or—more commonly 
—subsequent to the development of angina pectoris. 
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2. The manner of death of the 13 patients in the series who are 
known to be dead was such as to support the diagnosis of angina 
pectoris. Thus: 

(a) Of 8 patients who died outside the hospital 

(1) Four died suddenly while in their usual state of health. 

(2) Two died during typical status anginosus. 

(3) One died suddenly following myocardial infarction. 

(4) One committed suicide several weeks after myocardial infarction. 

(b) Of 5 patients who died in the hospital: 

(1) One died as the result of embolism following coronary thrombosis, 
no autopsy being done. 

(2) Autopsy revealed extensive disease of the coronary arteries in the 
remaining subjects. 


Since the criteria employed for the diagnosis of angina pectoris were 
the same in the remaining subjects as in these 13 individuals, it is 
perhaps safe to assume that complete data would eventually reveal a 
similarly high incidence of sudden death and of coronary disease. 

3. During the period in which these 77 patients were being studied 
there were: (a) Only 3 cases diagnosed as angina pectoris in which the 
subsequent clinical course was such as to cause this diagnosis to be 
changed. (b) Only one patient in whom at autopsy the diagnosis was 
not supported. (This patient had rupture of an aortic aneurysm but 
no significant coronary disease and no lesion of the aortic valves.) 
These 4 cases are not included in the series. 

These observations lead to the conclusion that the percentage of 
erroneous diagnoses in the series is small, probably smaller than in 
the case of most conditions in which the diagnosis is based on clinical 
findings alone. 

Etiologic Factors. The data listed in Table 1 are not materially 
different from those found in the publications of others, in that the 
predominance of males and of patients over the age of 50—both points 
stressed by Heberden in his original description’*—are well illustrated. 
The generally accepted outstanding significance of disease of the 
coronary arteries is illustrated in the Table, as is the importance of 
diseases of the aortic valve, which was stressed by Keefer and Resnik.'* 
The 3 patients who had no evidence of structural cardiac disease are of 
particular interest and will be discussed in some detail later. Since the 
etiologic factors were, in general, those which are generally recognized 
in the literature, they need not be considered further. 

Analysis of the Pain. The data presented in Table 2 are largely self- 
explanatory. Localization of the distress in the substernal region, 
which has been emphasized as one of the most common features of the 
disease,* was far from a constant feature, being present in only a little 
more than half the patients. Many of the subjects complained of pain 
situated chiefly in the precordial area just to the left of the sternum. 
\bdominal localization of the pain was less frequent than some authors 
have indicated, and a number of the patients who on first being ques- 
tioned stated that the pain was in the abdomen, were found on more 
careful questioning to have pain in the retro-xyphoid region. Pain in 
the region of the umbilicus or below it was not encountered in any 
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subject and the 4 patients who had definite epigastric localization of 
the pain also had discomfort in the chest or arms. In not one patient, 
therefore, was the pain exclusively abdominal. This point may 
perhaps be of some value in differential diagnosis. Several of the 
patients with precordial pain had discomfort in the region of the apex 
but not a single individual complained of pain entirely limited to the 
periapical area. Discomfort in the mid- or posterior axillary region 
was not encountered and no patient had pain in the right side of the 
back of the chest or in the flank. The rarity of pain in the region of 
the left costal margin is noteworthy. Perhaps the most confusing 
patients were the 2 who had pain limited to the back of the neck. The 
other 4 patients with pain in the back of the neck also had pain in the 
chest or arms. 


TABLE 1.—Et1otocic Data 1n 77 Patients WitTH ANGINA PECTORIS 


I. Sex 
No. of 
cases % 
II. Age 
20-29 FE 3 3.9 
30-39 5 6.5 
40-49 9 11.7 
70-79 7 9.1 
III. Underlying Disease Process 

Coronary arteriosclerosis (presumptive or proven) . . . 64 83.1 
Lesions of aortic valve: 

Rheumatic . 4 5.2 

Syphilitic 1 1.3 
Syphilitic aortitis and (presumptiv e) ostial stenosis : 1 1.3 
Thrombo-angiitis obliterans 2 2.6 
No evidence of structural cardiac disease: 

Hypoglycemia . ; 2 2.6 

Hypochromic anemia . 1 1.3 


The lack of sharp as by Lewis,” is a 
feature of pain arising from visceral structures, was noted in most of 
the patients. This point is of some value in differentiating the pain 
of angina pectoris from that of cardiac neurosis, as has been pointed 
out by Goodrich and Keyes. Eleven subjects stated that the point 
of greatest intensity was extrathoracic, but in only 5 of these was there 
a complete absence of substernal or precordial discomfort. Such cases, 
with pain limited to extrathoracic areas, have been recently studied by 
Spillane and White,* who found that, after varying periods of time, 
pain in the chest developed in each of their 12 patients who originally 
had the pain of effort only in the arms. In recent years increasing 
evidence has accumulated indicating that the cardiac afferent path- 
ways may be more numerous and widespread than was formerly 
believed, and suggesting that various accessory pathways may be 
responsible for the bizarre distribution of the pain often encountered 
in patients with angina pectoris.'* 
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The chief points of interest in regard to the duration of the pain 
were the rarity of pain lasting for more than 30 minutes, and of dis- 
comfort enduring for only a few seconds. There were 3 patients who 
originally stated that their pain lasted for a fraction of a minute only, 
but when pain produced under observation by exercise was timed, it 
was found to last for a minute or longer in each instance. The 3 
patients who complained of pain lasting for days at a time all admitted 
having paroxysmal exacerbations which were brought on by the usual 
precipitating factors and which lasted only a few minutes. Perhaps 
these patients had the so-called myocardial fatigue pain plus angina 
pectoris, but if so, they were unable to distinguish the two pains from 
each other in respect to location and quality. 

In the case of the subject who claimed to have attacks lasting from 
| to 2 hours, the situation was complicated by the existence of a well- 
marked anxiety state as well as attacks of paroxysmal tachycardia, 
either of which may have caused precordial pain for a considerable 
period of time. However, she claimed that nitroglycerine relieved 
these pains as well as the more common and shorter anginal attacks 
produced by effort or emotion. The patient with attacks due to par- 
oxysmal auricular fibrillation also had frequent attacks of shorter 
duration. brought on by effort. Of the 3 persons with attacks due to 
hypoglycemia and lasting 30 minutes to 1 hour, one had frequent 
attacks of shorter duration appearing with effort. The other 2 had 
no attacks with effort and apparently in these instances hypoglycemia 
was the sole precipitating factor, the patients being free from any 
signs of structural cardiac disease. These subjects will be discussed 
in more detail later. 

The tendency of anginal attacks to last for only a few minutes was 
mentioned by Heberden," and its diagnostic significance has recently 
been reémphasized by Barnes and Pruett.* Subject to the error in- 
herent in all generalizations, it may be stated that a pain lasting for 
only a few seconds or for more than an hour is not likely to be due to 
angina pectoris. 

The data as regards intensity of pain are somewhat at variance with 
widely accepted concepts. Severe pain was rare in this series. In 
approximately half the patients pain was either mild or minimal (7. e., 
barely perceptible). Most such patients did not seek medical advice 
because of pain in the chest but because of some other complaint such 
as hypertension, and in these subjects with mild pain the presence of 
angina pectoris was demonstrated only as a result of careful question- 
ing. However, mildness of the pain does not in any sense speak against 
angina pectoris. One of the patients with pain of minimal severity 
expired suddenly when apparently in his usual health, and another 
who died some years later of cerebral hemorrhage was found at autopsy - 
to have well marked coronary sclerosis. Unless the physician makes a 
deliberate attempt to inquire carefully about minor chest discomfort 
appearing with effort and lasting a few minutes in all patients beyond 
the age of 50—whether or not such a complaint is offered voluntarily — 
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he will overlook a large percentage of the individuals with angina 
pectoris. 


TABLE 2.—ANALYsIsS OF PAIN IN 77 PATIENTS WiTH ANGINA PECTORIS 


I. Location and, or, Radiation 


Substernal . 

Precordial . 
Left arm (including shoulder and hand) 
Front of neck . 

Both arms . 

Retro-xyphoid . 

Back of neck . 

Back of left side of chest 

Epigastrium 

Right arm (including shoulder and hand) . 
Jaw 

Left anterior costal margin 


Da 


Note absence of pain limited to periapical region or axilla, or localized in right side of 
back or abdomen, lower abdomen, lower back or flanks. 


II. Duration 


Less than 1 minute 
1 to 30 minutes 

30 to 60 minutes 

1 to 2 hours 

Days or weeks 


Three cases had hypoglycemia—1 had paroxysmal auricular fibrillation. 
Paroxysmal tachycardia and cardiac neurosis in addition to effort angina. 
Dull, steady pain with exacerbations lasting a few minutes. 


III. Intensity 


Minimal 
Mild 
Moderate 
Severe 
Variable 


1V. Character 
Constrictive* 
Aching 
Burning 
Numbness only 
Lancinating 
Throbbing . 
Vague 


* Including “squeezing,” ‘‘tight,’’ ‘‘cramping,”’ ‘‘heavy,”’ ‘‘ pressing,” ete. 


+ This patient had pain in the chest from gall-bladder disease as well as from angina 
pectoris. 


The data as regards the character of the pain are not very satisfactory © 
in that one-third of the patients were unable to describe this feature 
accurately. (In order to avoid obtaining a misleading description of 
the pain the patients were given a list of descriptive terms, such as 
“stabbing,” “shooting,” “‘burning,” ‘‘squeezing,”’ ‘‘grasping,”’ “‘grip- 
ping,” “aching,” “throbbing,” “pressing,” “heavy,” and so forth, and 
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allowed to choose the term which best described the discomfort.) As 
would be expected, the most frequent descriptive term chosen was one 
which fell under the general category of constrictive or “‘pressing”’ 
pain. However, about one-fifth of the patients described the discom- 
fort as consisting of a dull ache, and several individuals insisted that 
the pain consisted of a feeling of warmth. This is of interest in view 
of the observations of Lewis,” which indicate that pain having a burn- 
ing quality arose only in superficial tissues of the body and never in 
the internal organs. In 12 patients the sensation of pressure or aching 
in the chest was accompanied by numbness in other parts, particularly 
in the arms or fingers. One patient, whose discomfort was limited to 
the left arm, complained only of a sensation of numbness. From a 
diagnostic standpoint it is perhaps of interest that no patient described 
the pain as being synchronous with the heart beat, 7. e., of throbbing 
character, and that the only patient who claimed to have lancinating 
(‘stabbing,” “‘shooting,” “‘cutting”’ or “sticking’’) pain also had gall- 
hladder disease producing pain in the left side of the chest. It is pos- 
sible that this individual may have confused the pain from the two 
different disorders, but opportunity to question him when the pain 
was present did not occur. In addition there were 4 patients who 
complained of pain of stabbing quality, who are not included in the 
series because these individuals did not sufficiently fulfill the criteria 
for the diagnosis of angina pectoris. They are regarded as suspicious 
cases of the disorder and are being followed. Thus far, none of them 
has developed unequivocal evidence of the disease. Hence, these 
individuals are not included in the series. In any case, it may be 
stated that pain of lancinating character either does not occur at all, 
is due to associated disorders, or is at least very rare as a result of 
angina pectoris. 

Relation of the Pain to Various Body Functions. A. Posrrion. No 
patient noted that the standing or sitting postures tended to induce 
the pain. However, there were 11 individuals in whom the attacks 
of pain seemed to bear a definite relationship to the recumbent position 
(Table 3, part I). All of these subjects gave a story of pain on effort. 
In addition they had attacks of pain which came on frequently in the 
recumbent posture while at rest, but did not tend to have attacks 
coming on at rest while sitting upright or standing. Two of these 
11 subjects also noted that when sitting in a slumped posture with the 
feet elevated the attacks tended to come on just as they did during 
recumbency. There were likewise 2 patients who had attacks of pain 
with effort due to angina pectoris, and attacks of pain when lying 
down, due to hiatal hernia. One of these patients was able to dis- 
tinguish between the character and location of the pain. The other 
individual could make no such distinction, stating that the pain due to 
the two conditions was identical in digtribution and in character. 

As an example of the rather striking relationship which exists in 
certain patients between anginal attack’ and the recumbent posture, 
the following cases may be cited. 
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TABLE 3.—RELATION OF THE PaIN TO VaRIous Bopy FUNCTIONS IN 77 
Patients WitH ANGINA PECTORIS 
I. Position as Factor in Inducing Attacks 

No. of 

cases 


2 6 


* One patient had aggravation by lying on left side with partial relief on turning to 
right side. 
+ These patients experienced partial to complete relief by changing to standing or 
sitting position. 
II. Pain Induced by General Exertion 
No. of 
cases % 
* The patients with pain not related to effort included (1) 2 patients with hypogly- 
cemia; (2) 2 patients with ectopic tachycardia; (3) 2 patients who led unusually sedentary 
lives; (4) 1 patient who was almost bedridden by thrombo-angiitis obliterans. 


III. Pain Induced by Specific Local Muscular Movements 
No. of 
cases % 
Specific local muscular movements. . . . . . . . 8* 10.4 


’ 


* These patients had ‘coronary shoulder pain”’ in addition to angina on effort. 
IV. The Alimentary Tract in Relation to Anginal Attacks 
No. of 
cases 
A. Functions tending to precipitate pain: 
Swallowing* 
Eating: 
Alonet 
Plus exertiont 
Constipation 
B. Functions tending to relieve pain: 
Eating|| 
Vomiting 
Belching 
* The pain due to swallowing was caused by esophageal spasm in 1 patient and by 
cascade deformity of the stomach in the other. 
+ One of these patients did not have pain on effort—he took practically no exercise. 
The remainder had typical effort angina and also attacks at rest after meals. 
t Less exertion was required to induce attacks after meals than at other times. 
§ Attacks more readily provoked when constipated. 
|| Attacks most frequent 3 to 5 hours after meals, occurring with less effort—3 patients; 
or at rest—7 patients. Two additional patients without effort angina or evidence of 
structural cardiac disease had severe anginal attacks due to hypoglycemia. 
{| This patient had chest pain due to (1) angina pectoris and (2) hiatal hernia. 
There were 4 patients—not listed in the table—with angina plus non-anginal chest 
pain induced by eating and relieved by belching and due to abdominal disorders. 


V. Relation of Anginal Attacks to Certain Additional Factors 
No. of 
cases 
Attacks induced by emotton* . . ....... . «14 
Respiratory functions: 


* Emotion induced seizures in 6 of 8 patients with aortic lesions. 

+ Cold sheets (1), cold drinks (2), cold wind plus mild exertion (7). 

t Rheumatic aortic stenosis—suspicious signs of adhesive pericarditis. 

§ Congestive failure with severe attacks of coughing—pain produced by prolonged 
seizure only, e. g., by the exertion of coughing—not the act of coughing. 
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VI. Nocturnal Pain: Analysis of Precipitating Factors* 
No. of 
cases 
Recumbent posture . . .. . 
Spontaneous hypoglycemia . . . ...... 2 
Paroxysms of ectopic tachycardia 2 
Paroxysmal dyspnea . 1 
Unexplained 3 


* Two additional patients had nocturnal pain due to hiatal hernia. 


PATIENT: T.G. LEAD I 


LEAD Iv F 


SITTING: IMMEDIATELY FEET.STILL AFTER STANDING: 
NO PAIN AFTER ELE- ELEVATED: = NITROGLYCERIN, NO PAIN 
VATING FEET: PAIN FEET STILL 
NO PAIN ‘ELEVATED: 
NO PAIN 


Fig. 1.—Patient T.G. The changes developing on elevation of the feet appeared 
slowly and hence were not the result of alterations in the electrical axis of the heart. 
Nitroglycerine relieved the pain and caused partial reversal of the electrocardiographic 
changes, which quickly returned to normal on assumption of the upright posture. 


Case Studies. Case 1. A white male, aged 55, complained of a feeling of 
substernal pressure radiating to the left shoulder, brought on by walking and 
relieved within 3 to 8 minutes by rest. He had also noted that when he would 
lie down the discomfort would set in within a few minutes and would become 
progressively worse until he assumed the sitting posture, which was followed 
by gradual disappearance of the pain. He insisted that the discomfort pro- 
duced by lying down was identical in location and character with that caused 
by effort. However, the discomfort in the recumbent position tended to last 
longer if he remained in this posture. Sitting in a chair with the feet elevated 
would likewise induce a typical attack, while sitting in a chair in an upright 
posture did not cause pain. Nitroglycerine relieved both the pain induced by 
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effort and that caused by recumbency. Repeated roentgenographic studies 
of the stomach revealed no evidence of hiatal hernia. Electrocardiograms 
were made in various positions and also before and after exercise. It was 
found (Fig. 1) that the recumbent posture induced the same changes in the 
electrocardiogram which occurred on physical exertion. Even though he 
remained in the recumbent position the electrocardiographic changes tended to 
return to normal following nitroglycerine. Several months later, while walking 
slowly, the patient suddenly fell to the ground and expired. . 


This patient constituted a striking example of the angina decubitus 
of the older authors, that is, of anginal attacks occurring in the recum- 
bent position. Even though this condition has been reported in the 
literature from time to time for many years, the frequency of the 
recumbent position as a precipitating factor does not seem to have been 
generally recognized. The point is perhaps of more than academic 
interest because it would seem to constitute evidence against the idea 
that the ideal treatment for angina pectoris is prolonged rest. My own 
experience in this matter is that the patients with angina pectoris are 
not only happier but actually seem to be healthier if they are allowed a 
reasonable amount of activity. 

The mechanism of anginal attacks occurring in the recumbent 
posture is still unknown. Elsewhere," I have suggested that the 
decline in blood pressure which tends to occur on assuming the recum- 
bent position might, in a patient with rigid coronary arteries, induce 
myocardial anoxia, while the same decline in pressure would not, on 
the basis of theoretical hemodynamics, be expected to induce cardiac 
oxygen deficiency in a person with distensible vessels of the same 
caliber. In favor of such a mechanism is the case reported by Rubin.” 
His patient had an extremely labile blood pressure which would decline 
from 180/100 to 120/70 after a few minutes in the recumbent position. 
The patient did not have attacks during effort despite reasonable 
activity, which was limited somewhat because of the coéxistence of 
intermittent claudication. He had frequent attacks which invariably 
“ame on in the recumbent posture. The author did not mention having 
taken electrocardiograms in different positions, but did cite records 
showing that the patient developed well-marked changes in the S-T 
segments and in the T waves when breathing a low-oxygen mixture. 
Some months later the patient expired suddenly. 

A further investigation would seem to be needed of blood pressure 
changes and other alterations in circulatory dynamics in patients with 
angina of recumbency before any definite conclusions can be drawn as 
to the mechanism of such attacks. The following patient is an example 
of an individual who had pain during effort and also during recum- 
bency, the attacks being dependent on two different disorders. 


Case 2. A white female, aged 65, had had several attacks of “pressing” 
pain localized just to the left of the sternum in the precordial area, while 
washing dishes, and two attacks while walking up-hill. Standing or sitting 
quietly brought relief in a few minutes. In addition she had had numerous 
attacks of similar pain coming on shortly after getting into bed. Five weeks 
before admission to the hospital she had a severe attack of pain lasting several 
hours, associated with an initial rise in systolic blood pressure to 180 mm. and 
followed by a fall to 120 mm., her usual pressure being approximately 160. 
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Several days later her physician heard a friction rub over the precordium which 
disappeared in 48 hours, and at that time the patient had slight fever. When 
she was seen some weeks later the physical examination was negative except 
for minimal hypertension and slight cardiac enlargement. Electrocardiogram 
revealed inversion of the T wave in the precordial lead. Fluoroscopic examina- 
tion of the stomach showed a small hiatal hernia. The pain induced by 
recumbency was not relieved by nitroglycerine but was benefited by atropine. 


It seems likely that in this patient the pain brought on by the 
recumbent position was due to the hiatal hernia even though it had the 
same character and distribution as the pain brought on by effort and 
due to angina pectoris. 

Inquiries as to the relative effects of the various recumbent postures 
in producing attacks of pain were negative except in 1 patient who 
thought that the pain was worse lying on the left side and was partially 
relieved by turning on the right. Since this patient had, in addition to 
typical angina pectoris, a good many of the manifestations of anxiety 
neurosis, a condition in which precordial pain while lying on the left 
side is often encountered, the significance of the difference in the two 
positions is questionable. In any case it can be stated that the recum- 
bent posture is a fairly frequent precipitating cause of anginal attacks, 
and also that a pain which tends to be aggravated by the sitting or 
standing position is in all probability not angina pectoris. 

B. THe Errect or Muscunar Errort (Table 3, parts II and III). 
Obviously a sharp distinction must be drawn between general muscular 
exercise such as walking, which puts no particular strain on any of the 
muscles in the region of the chest, and specific muscular movements such 
as bending the body, raising the arm, and so forth. It should be noted 
that slightly more than 90% of the patients in this group gave a 
definite and clear-cut history of pain induced by effort. Many of 
these patients had attacks which occurred under varying circumstances 
at rest. However, from a standpoint of diagnosis, the important 
feature was the story of the attacks which came with exertion. In 
most instances this history was readily obtained, but in a few cases it 
would be elicited only after very careful inquiry, for in these latter 
instances the patient sought medical advice for some unrelated dis- 
order. In such patients much finesse is needed in taking a proper 
history in order to avoid “leading” the patient and in order to maintain 
in the patient’s mind a clear distinction between shortness of breath 
and a mild pressure sensation or similar discomfort. 

The patients who had pain which was not related to effort are of 
particular interest, for it is this group of individuals who are likely to 
constitute the most difficult diagnostic problems, and in whom errors 
are often made. These subjects will be discussed in more detail later. 

In his original description of angina pectoris, Heberden" stressed 
the relationship of the pain to effort and the frequency of sudden 
death. Many later authors, losing sight of these cardinal features of 
the disease, began to apply the term “angina pectoris” to a motley 
array of unrelated disorders having nothing in common except the 
presence of discomfort in the chest. The state of confusion'so engen- 
dered persisted for more than a century and was not dissipated until 
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the now classical work of Keefer and Resnik"* appeared. These authors 
stressed Heberden’s original criteria, reconciled the conflicting “aortic’’ 
and “coronary” theories and pointed out that angina pectoris was a 
clinical entity in the sense of the course of the disease, was a physio- 
logic entity in the unity of the causative mechanism of the pain, but 
was not a pathologic entity in that the same functional disturbance— 
myocardial anoxia—might be induced by a variety of morbid states. 

Eight individuals complained not only of pain on general exertion 
such as walking, but of discomfort induced by specific movements of 
the muscles of the shoulder or arm. This pain not only differed from 
that of angina in regard to the condition inducing it, but was of longer 
duration, different intensity, and often of different quality, being 
typically aching and occasionally throbbing in character. Discomfort 
of this type following myocardial infarction has been described by 
several authors,?*7°-" and a few? have mentioned it as occurring 
in patients with angina pectoris who have not had myocardial infarc- 
tion. Presumably, it represents the reflex effect on skeletal tissues of 
the cardiac disorder. This type of pain may be very confusing because 
there are certain patients in whom this symptom is prominent and 
dominates the picture, while the pain of angina may be decidedly in 
the background. Such a case has been reported elsewhere.“ The pain 
may be identical in character with that produced by various disorders 
of the shoulder joint or other skeletal tissues in the absence of coronary 
disease. The decision as to whether or not angina pectoris is present 
cannot be made on the clinical features of this referred pain but must 
be based on the presence of the typical anginal story. Since the ques- 
tion of “coronary shoulder pain’ will be discussed in considerable 
detail in a future publication dealing with chest pain arising in the 
skeletal tissues, the matter need not be considered further now. 

C. ANGINAL ATTACKS IN RELATION TO VARIOUS ALIMENTARY TRACT 
Functions. The data are summarized in Table 3, part IV. It may 
be noted that anginal attacks were not accompanied by discomfort on 
swallowing in any patient. Two subjects who had dysphagia had other 
disorders in addition to angina pectoris. There was likewise little 
relationship to expulsion of flatus or to constipation, although the act 
of defecation occasionally induced seizures in 3 patients. The rarity 
of vomiting in relation to anginal attacks is also noteworthy. There 
were 4 patients who had abdominal disorders which induced non- 
anginal pain in the chest, the pain being completely or partially 
relieved by belching. However, in addition to these there were 7 
other patients in whom no evidence of any primary abdominal disorder 
could be found, but who insisted that attacks were more readily 
induced by effort when there was abdominal distention, who occasion- 
ally had attacks occurring at rest and induced by distention and who 
had obtained either partial or complete relief by belching. These 
findings are not surprising when one recalls the recent studies of Gilbert, 
LeRoy and Fenn," who have shown by means of the thermostromuhr 
that constriction of the coronary arteries of the dog may be reflexly 
induced by distention of the stomach. The same authors’ showed that 
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in each of 3 patients with angina pectoris the ingestion of food caused a 
decrease of 20 to 40% in the length of time required to produce anginal 
attacks by breathing 10% oxygen. That the effect of meals was 
exerted—at least partially—through a reflex mechanism, rather than 
solely through increased cardiac work, was suggested by the following 
points: (1) atropinization prevented the effect of meals; (2) some 
patients could relieve the attacks produced by distention either by 
belching or by loosening the belt. It therefore seems to be'established 
that abdominal distention may, in certain patients, be an important 
trigger factor in precipitating attacks of angina pectoris. 

Since the time of Heberden, it has been recognized that eating often 
induces‘anginal attacks. Much less emphasis has been placed on the 
fact that eating may likewise tend to prevent the seizures. In this 
series there were 6 patients who had anginal attacks occurring at rest 
shortly after meals. Five of these also had typical effort angina. The 
other patient gave no history of a relationship to exertion, but led an 
unusually sedentary life. Seventeen subjects had noted that consider- 
ably less exercise was required to induce the attacks shortly after 
meals than several hours later, but none of them had attacks after 
meals if they remained at rest. Twelve patients had found that the 
ingestion of food tended to prevent the seizures. Ten of these had the 
usual complaint of pain on effort and, of them, 3 had found that 
approximately 3 hours after meals less effort was required to induce 
pain than at other times. The remaining 7 patients in this group had, 
in addition to attacks during effort which were not related to meals, 
occasional seizures at rest, the resting attacks occurring almost entirely 
in the period of 2 to 5 hours following food. 

There were 2 patients who had never had anginal attacks with 
effort, but who had numerous severe attacks occurring at rest, never 
within the first 2 hours after eating. One of these patients had been 
reported elsewhere as an instance of angina pectoris without struc- 
tural cardiac disease and dependent on glucose deficiency. The chief 
findings in regard to the other patient may be summarized as follows: 


Casze 3. A 39 year old business man had had numerous attacks of con- 
strictive pain in the region of the cardiac apex for 5 months, accompanied by 
pain and numbness of the left arm. The intensity varied from mild to very 
severe; the total duration of the attacks was 1 to 2 hours, during which the 
pain would recur in short seizures of a few minutes with an interval of comfort 
lasting several minutes. He led an active life, but on no occasion had an 
attack been precipitated by muscular effort, by emotion or by eating. Most 
of the attacks had set in during the night or in the morning before breakfast. 
Although he had many seizures, he could not recall a single one which had 
begun within 2 hours after a meal. Following the severer seizures he had 
repeatedly been observed to have normal temperature and leukocyte counts. 
Electrocardiograms had been entirely normal when taken between attacks 
but records obtained during seizures had repeatedly shown changes considered 
typical of anterior infarction (Fig. 2). He had been studied in several hospitals 
and diagnoses of neurosis, coronary thrombosis, and of ‘“‘coronary spasm” 
had been made. 

Physical examination was essentially negative. Electrocardiograms were 
quite normal, both before and after strenuous exercise which produced no 
pain. Glucose tolerance curves displayed a decline from 154 (mg. “glucose” 
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per 100 cc.) at 4 hour to 60 at 3 hours. Fasting blood sugars varied from 100 
(on a balanced diet) to 64 (on a high-carbohydrate diet). When put on a 
high-carbohydrate diet he had frequent mild seizures which had been absent 
for several days on a high-protein, low-carbohydrate diet. The administration 
of insulin—25 units—induced a mild seizure of pain and moderate change in 
the T waves. 


PATIENT: P.V. NO PAIN PAIN 


LEAD 


Fic. 2.—Patient P.V. The tracings on the left were taken during freedom from pain. 
Those on the right were obtained during an attack. The following day the record was 
again normal. Similar changes were repeatedly observed during an attack whether 
occurring spontaneously or induced by insulin. 


Comment. In this patient the evidence seems reasonably complete that 
angina pectoris was due solely to hypoglycemia. The fact that strikingly low 
levels of blood sugar were not encountered does not speak against this assump- 
tion, for it has been-shown™ that symptoms due to glucose deficiency may 
occur in the presence of blood sugar levels within the lower limits of the norma! 
range. 
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Since the relationship between glucose deficiency and anginal 
attacks has been discussed in some detail elsewhere’ only a few points 
will be mentioned here. It has been known for more than a decade 
that overdosage of insulin may occasionally precipitate anginal attacks 
in diabetic patients with coronary sclerosis. Sippe and Bostock™ were 
apparently the first writers to point out that spontaneous hypoglycemia 
may have a similar effect. Weinstein and Mattikow” recently reported 
2 cases, one of whom had attacks during effort and emotion, but only 
provided these stimuli occurred shortly before a meal. During a 
glucose tolerance test this patient developed an anginal attack when 
the blood sugar level was 54 mg. per 100 cc., the pain being promptly 
relieved by glucose. The second patient was somewhat similar except 
attacks occurred frequently at rest as well as during exertion under- 
taken before meals. This individual had never had an attack except 
when hungry. He, likewise, developed an anginal attack during the 
glucose tolerance test, the blood sugar being 42 mg. per 100 cc. and 
relief occurring from glucose. 

Patients such as Case 3, who have no evidence of structural cardiac 
disease* but have anginal attacks precipitated only by glucose de- 
ficiency and never by effort, must be quite rare, as I have found no 
other instance in the literature except for the single case previously 
reported. However, patients who have coronary sclerosis and in 
whom hypoglycemia is one of several precipitating factors, are common. 
In this series of patients glucose deficiency, while less important than 
physical effort and eating, was about equal in importance to emotion as 
a precipitating factor. The point is of some practical importance 
because ordinarily the tendency toward a low blood sugar level can 
be readily controlled by dietary measures. 

ID. Emotion As A PrecrprratinGc Factor. The data are summar- 
ized in Table 3, part V. Only a little more than 10% of the patients 
with angina due to coronary sclerosis had attacks occurring with 
emotion, in the absence of exertion. However, 6 of 8 patients with 
disease of the aortic valve had such seizures. The tendency of patients 
with ‘‘aortic angina” to have attacks independently of exertion has 
been stressed by Lewis,”! and the mechanism may, as suggested else- 
where," be related to a greater sensitivity of normal than of diseased 
coronary vessels to vasomotor influences. 

E. Cotp as A PrecrprraTING Factor. Since most of the patients 
in this series lived in areas (North Carolina and Tennessee) with rela- 
tively mild climate, the influence of cold was, as might be expected, 
less striking than in the cases reported by most other authors. Even 
so, it was noted that an occasional patient had attacks from getting 
into bed between cold sheets, or from the ingestion of cold drinks, 
while a number of individuals found that walking against the cold 
wind induced the attacks more readily than otherwise. 

* Whether such individuals actually have minimal and “‘subclinical’’ coronary disease 


cannot be stated with certainty. The usual manifestations were lacking and one such 
patient—a young woman—has been asymptomatic for more than 6 years. 
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F. THe RELATION OF ANGINAL PAIN To RESPIRATORY FUNCTIONS 
The only patient who complained that the pain was aggravated by 
breathing was a young woman with aortic stenosis and signs suggestive 
of adhesive pericarditis. The single individual who had anginal at- 
tacks with relationship to coughing, had rather severe cough as the 
result of congestive heart failure, and at the end of a prolonged bout 
of coughing would have attacks brought on by the exertion involved. 
The negative relationship between anginal attacks and various respir- 
atory functions is significant in differential diagnosis, for there are a 
good many patients who have—in association with pleural disorders— 
pain with location and radiation similar to that of angina. It can be 
stated as a general rule, to which there are possibly a few exceptions, 
that any pain which bears a direct relationship to breathing, coughing, 
laughing, yawning or other respiratory acts, is in all probability not 
angina pectoris. * 

G. NocrurnaLt Attacks. More than } of the patients 
in this series had frequent or occasional attacks of pain occurring at 
rest during the night (Table 3, part VI). The most common cause of 
such attacks seemed to be the assumption of the recumbent posture, a 
factor which was shown to be important in 11 patients. Exceptionally, 
nocturnal attacks were found to be related to spontaneous hypo- 
glycemia, ectopic tachycardia, nightmares, cold sheets, or the exertion 
associated with paroxysmal dyspnea. Finally, there were 3 patients 
who had fairly frequent attacks at night and in whom a relationship to 
any of these precipitating factors could not be found. The mechanism 
of their nocturnal attacks remains unexplained. In addition there 
were 2 patients with angina who had nocturnal recumbent chest pain 
believed to be not anginal in nature, as each of them had an esophageal 
hiatal hernia.t 

IV. Apparent Recovery from Angina Pectoris (Table 4). The findings 
cannot be regarded as quantitatively accurate because one does not 
know how many of the patients who seem to have recovered will in the 
future again have anginal attacks, and one is also ignorant of the num- 
ber of patients who at present are still having attacks but who will 
cease having them in the future. Relatively little attention has been 
paid to the fact that certain individuals with undoubted angina pectoris 

* Aside from the 2 patients shown in Table 3, part V, there were 4 other individuals 
who had some of the features of angina pectoris but whose pain was related to respiratory 
movements. Since these subjects did not satisfactorily fill the criteria for the diagnosis 
of angina pectoris, they are not included in the present paper but are classified as ‘‘ chest 
pain—cause unknown.” They are being followed and thus far none of them has devel- 
oped unquestionable evidence of distyrbed coronary circulation. 

+ Since this report was written, a patient has been seen with nocturnal angina due 
to an additional factor—fatigue. This 67 year old male had had for 9 months attacks 
of “‘squeezing”’ pain just to the left of the sternum, with radiation to the left arm. The 
pain was induced by effort and lasted a few minutes only. He then developed typical 
clinical and electrocardiographic findings of ‘‘anterior’’ infarction. During convales- 
cence he had several nocturnal attacks of pain, each of which occurred when he had 
become tired by remaining out of bed longer than usual during the preceding day. 
The mechanism whereby activity undertaken several hours previously induced pain is 
uncertain. I have observed other such cases, but since the data on this point are not 


complete, I am unable to state how frequently fatigue was a precipitating factor in the 
series of patients considered in this report. 
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do seem to recover. (Obviously, one cannot expect sclerotic coronary 
arteries to become normal. However, even though the disease in the 
vessels remains, the pain may cease either as the result of gradual 
death of the tissue from which the pain arises, or as the result of the 
development of collateral circulation.) As illustrations of apparent 
recovery the following cases may be cited. 


[ABLE 4.—APPARENT ReEcOvERY From ANGINA PectToris (ANALYsIs OF 12 CasEs)* 


Conditions under which No. of 
recovery occurred cases Remarks 
Following coronary occlusion . 4 Probable death of tissue respon- 
sible for painful stimulus 
Contesl of f No evidence of structural cardiac 
Relief { disease; disturbance of function 
\ 


controlled by treatment 
No apparent cause forrecovery . 5 Presumably either (1) develop- 
ment of collateral circulation, or 
(2) gradual replacement fibrosis 
of tissue giving rise to pain 
* Recovery is assumed when no attacks have occurred for 1 year or longer, despite 
reasonably normal activity. 


Case 4. A 55 year old male complained in 1934 of a squeezing, precordial 
pain brought on by rapid walking, and relieved within a few minutes by 
standing quietly. Physical examination was negative. Various laboratory 
studies revealed mild diabetes but no changes in the electrocardiogram were 
noted and the heart appeared to be normal when visualized by the fluoroscope. 
Walking briskly up 2 flights of stairs induced a typical attack. Thirty minutes 
later the same exercise taken shortly after nitroglycerine caused no pain. In 
1936 the attacks were somewhat more frequent, appearing 2 to 3 times a week. 
The following year the condition was unchanged, but after an additional year 
the attacks had become very infrequent, occurring only once in every 3 or 4 
months. During the next 3 years the patient remained completely free of 
anginal attacks. The electrocardiogram was normal throughout the entire 
course and the amount of activity was not significantly changed. 

Case 5. A white female, aged 68, stated that 5 years before she had had 
severe constrictive pain in both arms, coming on with effort. After several 
months she had an unusually violent attack lasting several hours, requiring 
hypodermiecs and hospitalization for relief. Since then the pain had been much 
milder but she had continued to have slight discomfort in both shoulders 
when she would undertake rapid walking. The blood pressure had ranged 
from 180 to 200 systolic prior to the severe attack of pain, but during recent 
years had been much lower, varying between 120 and 140. Examination 
revealed slight cardiac enlargement and numerous premature beats. Electro- 
cardiograms showed frequent ventricular premature beats and inversion of the 
T waves in Leads I and IV. Under observation, nitroglycerine relieved the 
pain and inhibited its appearance during exercise. When she was seen 24 
years later she had been completely free of pain for the preceding 18 months, 
even though her activities had not been significantly modified. 


When anginal attacks due solely to hypoglycemia, hyperthyroidism, 
paroxysmal tachycardia or to severe anemia disappear following ade- 
quate treatment of the causative factor, or when the seizures vanish 
after myocardial infarction, the mechanism seems reasonably clear. 
llowever, it is difficult to account for the improvement which occurs 
gradually in the absence of such conditions, except by assuming either 
gradual death of the tissue, with degeneration of the nerve fibers 
carrying the pain impulses, or the development of adequate collateral 
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circulation. In any case it should be emphasized that patients ma\ 
recover from angina pectoris and that such recovery is probably not 
very unusual. 

The Occurrence of Chest Pain Due to Conditions Other Than Angina 
Pectoris in Patients Who Also have Chest Pain Due to Angina Pectoris 
(See Table 5). The two most common conditions causing non- 
anginal pain were myocardial infarction and reflex disorders of the 
skeletal tissues, probably secondary to and an indirect result of the 
coronary disease. Since these conditions are closely allied to angina 
pectoris, they need not be discussed further. Even when these disorders 
are omitted, there were still 15 patients, or approximately i of the 
total number, who had two different causes of pain in the chest. The 
most common causes were spasticity and/or distention in the alimen- 
tary tract. The following cases are examples. 

TABLE 5.—ANaxysis or ConpiTions CausinG NoN-ANGINAL IN THE CHEST 
oR ARM IN 77 PaTIENTS WiTH ANGINA PECTORIS 


No. of 
Condition cases % 

Coronary thrombosis 35 45.4 
Spasticity of alimentary tract 7.8 
Diseased gall-bladder 3 3.9 
Hiatal hernia 2 2.9 
Pulmonary infarction 2 2.6 
Spasm of diaphragm . 1 1.3 
Cascade deformity of stomach 1 1.3 


* Pain in muscles, joints, or bones. In these patients the pain was probably an 
indirect reflex result of the disease process in the heart. 


Case 6. A 48 year old man had a substernal cramping pain radiating to 
the left shoulder and down the left arm as far as the elbow. This was often 
induced by excitement or exertion and lasted a few minutes. However, he 
had had numerous—1. e., several score—attacks of similar pain occurring with 
no obvious precipitating factor and lasting from several hours to as long as 2 
days. Nitroglycerine relieved the pain of short duration but had little effect 
during the longer seizures. Examination revealed moderate cardiac enlarge- 
ment and signs of aortic stenosis. Under observation, exertion induced the 
discomfort, but the same exercise did not induce it when carried out immedi- 
ately after nitroglycerine. Fluoroscopic examination revealed marked spasm 
at the lower end of the esophagus. This was not found following atropiniza- 
tion, which benefited markedly the attacks of long duration but did not materi- 
ally effect the pain brought on by effort. 


This individual’s condition was very similar to that of Edeikin’s* 
patient, who likewise had chest pain due to both angina pectoris and 
esophageal spasm. Wolferth and Edeiken® emphasized the frequency 
of esophageal spasm, pointing out that 53 cases had been observed in 
2 years and that 47 of these had pain resembling in some degree the 
pain of angina pectoris but lacking the characteristic relationship to 
exertion. 

A number of patients had pain in the lower left chest due to disten- 
tion of the stomach or colon. Some of these were able to differentiate 
this from the anginal pain induced by effort; others could make no 
such distinction. 
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Case 7. A 43 year old man had “sour stomach” and belching associated 
with slight substernal discomfort for approximately 15 years. For the past 
month he had complained of a gnawing feeling in the epigastrium, a pressure 
sensation in the chest, and an ache in the jaw. These several sensations were 
brought on by exertion and disappeared in 3 to 5 minutes with rest. The dis- 
comfort would also come shortly after meals and he thought that it was parti- 
ally relieved by belching or expulsion of flatus. He was unable to differentiate 
between the discomfort associated with abdominal distention and that brought 
on by effort. Physical examination revealed minimal hypertension and slight 
cardiac enlargement. Roentgen ray studies of the gall bladder were negative. 
Gastro-intestinal Roentgen rays revealed elevation of the splenic flexure and 
questionable pylorospasm. Resting electrocardiogram was normal except for 
minimal (0.5 mm.) elevation of the S-T segment in Lead IV. Exercise induced 
his discomfort, and following the exertion there was a depression of 1 to 1.5 mm. 
in the S-T segments in Leads II, III and IV. Following inflation of the 
colon with air, only three-fourths as much exercise was required to bring on 
the same pain and the same electrocardiographic changes. Similar exertion 
undertaken after nitroglycerine induced no discomfort until 50% more exertion 
had been taken. 


When, as occasionally occurs, gall-bladder disease induces pain 
referred to the left chest anteriorly rather than to the right side of the 
chest posteriorly, it may cause considerable confusion. The situation 
becomes doubly complex when a patient of this type likewise has angina 
pectoris. Such was the case in 3 patients in this series. (It seems 
probable that more than 3 of the 77 patients had gall-bladder disease. 
However, cholecystograms were not made routinely and this discussion 
is concerned only with the 3 patients in whom we were able to demon- 
strate that gall-bladder disease was causing pain in the chest in addition 
to pain in the chest due to angina pectoris.) An illustration of chest 
pain due to the two. disorders is as follows: 


Case 8. A 69 year old white male was first seen in 1932 with typical 
anginal attacks brought on by effort and relieved by rest. In 1935 he had a 
severe and almost fatal myocardial infarction. Following this the anginal 
attacks ceased for 3 years, but in 1938 he again began having pain brought on 
by effort and radiating from the substernal region to the right shoulder. In 
addition he began to have attacks of pain in the right upper quadrant with 
occasional radiation to the right scapular region, but with usual radiation to the 
left substernal and precordial regions. This pain bore superficial resemblance 
to the anginal pains, but he was able to distinguish the two as regards location 
and duration. The pain associated with gall-bladder disease lasted for hours 
and was not affected by nitroglycerine. It sometimes followed eating and 
was often benefited by belching or vomiting. In addition, he had pain on 
moving the right shoulder. Roentgen rays revealed hypertrophic arthritis in 
the right shoulder joint in addition to stones in the gall-bladder. 

In this individual we have at least 4 different painful conditions in and 
about the chest. These were: angina pectoris, myocardial infarction, disease 
of the gall-bladder, and arthritis of the right shoulder joint. Whether this 
arthritis was of entirely independent nature or whether the development of 
the arthritis was reflexly conditioned by the attacks of angina with secondary 
trophie changes in the joint is uncertain. 


Numerous other instances could be cited of patients who had chest 
pain due to more than one cause. However, the other disorders which 
produce pain in the chest will be discussed in future publications, and 
the cases which have been mentioned are sufficient to justify empha- 
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sizing the fact that a large percentage of the individuals with angina 
pectoris have pain in the chest due to independent disorders. li 
therefore is apparent that one can readily overlook the presence of 
angina pectoris unless a most careful history is taken and unless the 
patients are studied completely, particularly as regards the observa- 
tion of the response to exercise. 


Tasie 6.—THe ReLATIVE VALUE OF VARIOUS PROCEDURES IN THE DIAGNOSIS 
oF ANGINA PECTORIS 


No. of cases Positive results 

method was 

employed 


History (of pain* on effort) . 
Physical examinationt 
Electrocardiograms: 

At restT . 

After effort* 
Roentgenologic examinationt 
Exercise before and after nitroglycerine* 


* The findings by these methods were often of great value in regard to the specific 
diagnosis of angina pectoris. 

+ The findings by these methods were rarely of value in regard to a diagnosis of 
angina pectoris, but were often of great value in the diagnosis of cardiac disease. 


TABLE 7.—SUMMARY OF THE Most IMporTANT CLINICAL FEATURES IN THE 
DIAGNOSIS OF ANGINA PECTORIS 


I. Features of Positive Value* II. Factors of Negative Value (Their 
1. History of relation to effort Presence Tending to Exclude 
2. Substernal or precordial location Angina Pectoris) t 
3. Duration of 1 to 30 minutes 1. Pain limited to periapical axillary or 
4. Demonstration that nitroglycerine in- abdominal regions 

creases the amount of effort required . Duration of less than 1 minute 

to induce pain 3. Lacinating or throbbing pain 

. Aggravation by breathing, coughing, 
swallowing, sitting or standing 


* These clinical features present in 90% or more of the patients. 
+ These features either absent in angina pectoris, or, if present, due to associated 
disorders. 


The Relative Value of Various Procedures in the Diagnosis of Angina 
Pectoris (See Tables 6 and 7). Obviously, the physical and roentgen- 
ographic examinations are of no direct value in diagnosis of angina 
pectoris. However, by furnishing evidence of cardiovascular disease 
in something like 3 of the patients, these procedures are of considerable 
indirect value. The same generalization applies to electrocardiograms 
taken in resting subjects. Somewhat more than half of the patients 
displayed changes which, when considered in relation to the age and to 
the blood pressure of the patient, could be considered as definitely abnor- 
mal. In a majority of instances such electrocardiographic changes 
simply pointed toward some myocardial disorder and were not in any 
way characteristic of angina pectoris. 

When electrocardiograms are taken following muscular effort, 
changes of the S~T segments and of the T waves of such a nature as to 
be specifically suggestive of the presence of angina pectoris may be 
encountered in 50 to 60% of the patients. This was true not only in 
the small series of my own subjects in which the procedure was carried 


77 70 90.8 
77 49 63.6 
69 36 52.2 
6 60.0 
36 60.0 
33 89.2 
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out, but in a much larger group of patients which has been studied by 
others. Thus, Twiss and Sokolow* have recently summarized the 
literature on this point and have reported observations on 66 patients 
with angina and 100 control subjects. Fifty-six per cent of their 
patients with angina pectoris developed abnormal changes in electro- 
cardiograms, 2. e., changes of greater degree than were encountered in 
the control series. Similar findings have been reported by investiga- 
tors??8 who have studied electrocardiographic changes induced by 
breathing 10% oxygen. Here again 50 to 60% of anginal patients have 
shown changes in the T waves and S~T segments of greater magnitude 
than those occurring in the control subjects. 

Although, in general, the results of attempts aimed at improving 
the accuracy of the diagnosis of angina pectoris by taking electro- 
cardiograms under various conditions have been disappointing, there 
are occasional patients with confusing histories in whom records made 
before and after effort may be of considerable diagnostic significance. 
An example follows: 


Case 9. A 71 year old female complained of precordial discomfort radiating 
to the right shoulder and the left arm and lasting from a few minutes to half 
an hour. Many of her attacks appeared when she was lying down and there 
would be some relief within a few minutes after sitting up. In addition, she 
occasionally had attacks coming on during exercise. She stated that the pain 
was at times aching in character and at others stabbing. She had diabetes and 
a non-functioning gall-bladder, as shown by cholecystograms. Electrocardio- 
grams taken at rest were normal for a woman of her age, but following exertion 
there was a well marked inversion of the T waves in all leads. 


Although electrocardiograms may, in certain patients, be of great 
value in the diagnosis of angina pectoris, too much reliance on them 
may be misleading. Thus, the records of one of the patients already 
mentioned (Case 5) in whom the attacks of angina ceased entirely, 
taken after she had been free from attacks for more than a year, were 
identical with those taken when she was having frequent seizures. 
Since it is the people who are having the attacks of pain rather than 
those who show electrocardiographic changes who are in danger of 
sudden death, serious errors in judgment may be made by placing too 
much weight on electrocardiograms in contradistinction to the clinical 
picture. 

The methods of diagnosis thus far discussed are the objective ones. 
Those which rely on subjective information may now be considered. 
‘Two features which were of the greatest value in diagnosis were (1) the 
story of the relationship of the pain to effort which was obtained in 
approximately 90% of the patients, and (2) observation of the effects 
of exercise with and without nitroglycerine, which gave approximately 
an equally high percentage of positive results. Obviously these pro- 
cedures often had to be carried out with the greatest of care. Some of 
the patients gave very confusing stories, and this was particularly 
true of those who had more than one cause of pain in the chest. At 
times history obtained initially would indicate no relationship between 
the pain and effort when subsequent careful questioning would point 
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toward such a relationship. Certain other patients were so interested 
in the relation of the pain to the gastro-intestinal tract, and were so 
convinced that “‘indigestion’’ was the source of the trouble that they 
had paid little attention to the effect of effort, and did not recall 
attacks associated with exertion until questioned in considerable detail. 
It was under such circumstances and also in patients with actual or 
impending congestive failure, who became so dyspneic with effort that 
they paid little attention to the coéxistent pain, that observation of 
the response to exercise was particularly valuable, because it served 
as a check against the possibility that the story of the relation to effort 
had been planted in the patient’s mind by the physician’s questions. 
Since pain induced by exertion occasionally occurs in conditions other 
than angina pectoris, the most reliable results were obtained by com- 
paring the response to effort with that after nitroglycerine. In order to 
avoid the effect of suggestion, a third period of exercise undertaken 
following the administration of a placebo was usually employed. In 
emotionally unstable patients, it was often necessary to carry out this 
procedure a number of times before one could be satisfied with the 
result. However, when proper precautions were observed, the study 
of the effect of nitroglycerine on the exercise tolerance was found to be 
a valuable aid to the diagnosis of angina pectoris. 

In Table 7 are summarized those clinical features which seem to be 
particularly helpful in diagnosis. Aside from the story and from the 
observation of the effect of nitroglycerine on the tolerance to exercise, 
the most helpful positive features were the duration of the pain and the 
localization in either the precordial or substernal regions. Each of 
these findings was present in about 90% of the patients. In addition, 
there were certain features which appeared to be of considerable 
negative value in that they occurred very rarely or not at all, or when 
present were due to associated disorders. These features, which occur 
so rarely in patients with angina pectoris as to constitute evidence 
against the disorder, are: (1) pain limited to the periapical, axillary, or 
abdominal regions; (2) duration of the pain of only a few seconds; (3) 
a throbbing or lancinating character of the pain; and (4) discomfort 
which was aggravated by swallowing, breathing, coughing or the sitting 
or standing posture. 

There are certain findings which are ordinarily stressed in the 
diagnosis of angina pectoris and which occurred in about half of our 
patients, but which appeared in this series less frequently than in 
some of the other reports in the literature, and which therefore would 
seem to be of less diagnostic value than is generally believed (Table 8). 
These included (1) pain limited to the substernal region, (2) pain of 
constrictive quality, and (3) electrocardiographic changes either at 
rest or after exercise. On the other hand, there were certain features 
which, although less common than the ones just mentioned, still were 
more common in this series than one would think, from the writings on 
angina pectoris in the literature. These included pain of mild char- 
acter, discomfort occurring at night or aggravated by the recumbent 
position, and distress which tended to be benefited by eating. It is 
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believed that the factors of recumbency and of hypoglycemia should 
be added to the classic list of exertion, eating, emotion and cold as 
important precipitating causes of the attacks (Table 8). 


TABLE 8.—Some ComMMON MISCONCEPTIONS IN REGARD TO ANGINA PECTORIS 


|. Features Which Are Less Common Il. Features Which Are More Common 
Than Usually Believed* Than Usually Believedt 
|. Location in substernal region or in 1. Mildness of pain 
arms 2. Aggravation by recumbent posture 
2. Constrictive quality of pain 3. Beneficial effect of eating 
;. Abnormal electrocardiograms at rest 4. Nocturnal attacks 
4. Abnormal degree of change in S-T 5. Frequency of chest pain due to other 


segments or T waves after effort diseases in patients who also have 
chest pain due to angina pectoris 


* These features present in 40 to 60% of the patients. 
+ These features present in 15 to 50% of the patients. 


Palpitation in Relation to Angina Pectoris. ‘The data in our study on 
this point are not summarized because they are not complete, as all of 
the patients were not questioned in detail about this symptom. My 
general impression is that palpitation is an exceptional symptom during 
anginal attacks, and that its occurrence should immediately lead to 
the suspicion that the pain complained of is due to some other cause 
such as cardiac neurosis. However, there are certain conditions under 
which palpitation commonly occurs during anginal seizures. The most 
common cause is frequent premature beats. Rarely anginal attacks 
are precipitated by ectopic tachycardia, either auricular fibrillation or 
paroxysmal tachycardia. Such a patient may have pain only during 
the seizures. The following case is illustrative: 

Case 10. A 58 year old man was seen because of palpitation. He gave a 
typical story of auricular tachycardia, the attacks having been present for 
approximately 30 years. During the seizures he had severe palpitation, 
weakness, and marked apprehension, but had never had pain. Opportunity 
to confirm the diagnosis by electrocardiogram did not occur, but on two 
oceasions the attacks were stopped by pressure on the eyeballs, and in all 
respects the seizures were typical of paroxysmal auricular tachycardia. Three 
years later, at the age of 61, he began to have precordial and substernal con- 
strictive pain during the seizures. Following one rather prolonged attack he 
developed cerebral embolism with hemiplegia. Several years later he began to 
have occasional attacks of angina on walking and now, for the first time, had - 


pain independent of the attacks of tachycardia. He expired suddenly at the 
age of 67, while in his usual health. 


Aside from disturbances of cardiac rhythm, palpitation may occur 
in anginal attacks brought about by hypoglycemia. This symptom 
was present in 1 of the 2 patients in this series in whom hypoglycemia 
was the sole cause of the attacks and occurred in 8 of the 12 patients 
who had anginal seizures due to hypoglycemia in addition to attacks 
occurring with effort. The palpitation was usually absent in the 
seizures brought on by exertion and present in the attacks occurring at 
rest, due to glucose deficiency. 

Thyrotoxicosis may lead to anginal attacks accompanied by palpita- 
tion, and a rarer cause is a condition which is not illustrated in this 
series, namely, paraganglioma of the adrenal glands with intermittent 
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hyperepinephrinemia. However, as a general rule, it may be said that 
when a patient with undoubted anginal attacks has palpitation during 
the seizures in the absence of a well-marked disturbance of the rate or 
of the rhythm of the heart, one should suspect hypoglycemia as the 
cause, and particularly so if the attacks occur in the resting state. 

Anginal Attacks Occurring Independently of Muscular Effort. Jndi- 
viduals Who Had Never Had Pain in Relationship to Exertion. There 
were only 7 such subjects out of the 77 patients in the series. One of 
these individuals was almost bedridden because of thrombo-angiitis 
obliterans. ‘Two other subjects in the group led unusually sedentary 
lives and indulged in practically no exercise other than walking a few 
yards ata time. One patient had paroxysmal auricular fibrillation and 
another had paroxysmal tachycardia. The pain in these 2 subjects 
appeared only during the seizures of ectopic rhythm, but neither of 
them engaged in much exercise. The remaining 2 patients led active 
lives and were subjected to strenuous exercise under observation, but 
had no pain. These 2 subjects had angina only when hypoglycemia 
was present. One of them has been reported in a previous publication™ 
and the other is described as Case 3 in this communication. It thus 
appears that when a patient is suspected of having angina pectoris and 
yet gives no story of any relationship of the seizures to physical exer- 
tion, one should suspect ectopic tachycardia, glucose deficiency, or 
that the individual is leading an unusually restricted life. Most of the 
subjects who fall into the latter group can be induced to have an 
attack if sufficient physical effort is undertaken. However, in the case 
of individuals with ectopic tachycardia and with hypoglycemia, anginal 
attacks may occur in spite of the fact that the same individuals under 
different circumstances may undertake severe exertion and remain 
entirely free of pain. 

Individuals With Frequent or Occasional Angina of Effort and With 
Frequent Attacks Occurring in the Absence of Effort. Such patients 
include a fairly large percentage of all individuals with angina pectoris, 
and since cases of this type are the ones which are likely to offer the 
greatest difficulty in diagnosis, it may be worth while to re-summarize 
the factors which may induce attacks at rest. 

The importance of the recumbent posture has been stressed. Most 
patients who have attacks during recumbency have seizures readily 
provoked by mild exercise. However, occasionally a patient may have 
relative freedom from attacks during effort and yet have fairly fre- 
quent seizures coming on while lying down. In such a patient, unless a 
clear-cut story can: be obtained of attacks during exertion, it may be 
necessary to have the patient undertake exercise under observation in 
order to establish a diagnosis. 

There are a good many patients who have occasional attacks during 
effort and who have seizures occurring at rest without any obvious 
precipitating factor, in whom careful analysis will demonstrate that 
the attacks coming on at rest are due to glucose deficiency. The fol- 
lowing patient is an example: 
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CasE 1l. A 44 year old, very obese white male had, while walking at a 
rapid rate against the wind in very cold weather, an attack of discomfort 
consisting of a dull heavy sensation over the entire anterior chest. This pain - 
lasted for about 30 minutes. Several months later he had a series of similar 
attacks, lasting 1 to 2 hours, occurring at rest, the last of the series being more 
severe, enduring for about 8 hours, and being associated with the typical 
manifestations of myocardial infarction. Since that time he had had numerous 
short seizures of similar but milder pain occurring without any relationship 
to effort, but his activities had been markedly restricted. These attacks had 
usually come 3 to 5 hours after the preceding meal. For several years he had 
noted weakness, nervousness and tremor prior to taking food, the symptoms 
being promptly relieved by eating. The only important finding on physical 
examination was marked obesity. Blood pressure was 120/84. Fluoroscopic 
examination revealed suggestive hypertrophy of the left ventricle. Electro- 
cardiograms displayed moderate downward displacement of the S-T segment 
in Lead II, slight displacement in Lead III, and a diphasic T 4. Following the 
ingestion of glucose his blood sugar was 220 mg. per 100 cc. after 1 hour and 
50 mg. per 100 cc. in 4 hours. Further inquiry revealed that in recent weeks 
the patient’s usual attacks of weakness and nervousness, which had occurred 
several hours after meals for years, and were relieved by eating, had been 
associated with the pain in the chest. 


The importance of large meals and of emotional disturbances in 
causing anginal attacks at rest has already been stressed, and the 
occasional patient in whom attacks occur as the result of abdominal 
distention independently of meals has been mentioned. It should be 
emphasized that patients with angina due to diseases of the aortic 
valve are considerably more prone to attacks at rest than are patients 
with angina as the result of coronary sclerosis. 

An occasional individual will have anginal attacks occurring during 
the night and brought about by unpleasant dreams. There was only 
one such case in the present series. She also had attacks with exertion, 
but these were less common than those associated with nightmares. 

As patients develop either congestive failure or intermittent claudi- 
cation, seizures previously appearing with effort may disappear because 
the subject is no longer able to undertake as much muscular effort as 
previously. After a time such individuals may begin to have attacks 
at rest. This occurred in one patient in this series and may have 
taken place in another. 

When the several precipitating factors which have been mentioned 
have been excluded, there still remain certain patients who have attacks 
at rest in the absence of any known cause. Possibly in such individuals 
imeasurements of blood pressure and other circulatory functions might 
yield information concerning the mysterious mechanisms concerned in 
the seizures. 

Individuals With Attacks of Angina at Rest as a Prelude to Myocardial 
Infarction. The conditions which have thus far been mentioned as 
causes of angina without exertion usually lead to only occasional 
attacks. When a patient begins to have frequent attacks at rest, and 
particularly if the attacks are unusually severe and last for an hour or 
more, the chances are strong that the patient will soon develop a 
myocardial infarction. In a fairly large percentage of cases the onset 
of infarction is preceded by such a sequence of events. Occasionally, 
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such patients with status anginosus may die suddenly without having 
ever developed the infarction. It is probable that these ‘‘pre-infarc- 
tion” seizures are the most common cause of resting angina, partic- 
ularly if the attacks are severe. However, this type of angina has not 
been considered in the present publication because it is closely allied to 
myocardial infarction and may be more properly considered in a 
future report dealing with that disorder. 

It must be granted that many patients with typical angina pectoris 
have occasional attacks at rest, and that in exceptional circumstances 
all of the attacks in a given individual may occur in the resting state. 
However, the recognition of this fact should not lead the physician into 
a state of being ready to diagnose angina in the absence of the story of- 
muscular effort. Pain simulating angina pectoris in location and in 
character, but without a relationship to effort, is of common occurrence, 
and in the majority of instances the pain is not really that of angina 
pectoris at all but is dependent on a disorder of organs other than the 
heart. One should therefore demand rather conclusive evidence before 
being willing to place the ominous label of angina pectoris on a patient 
who does not have attacks with exertion. This fearful disease may be 
simulated by many others. The differentiation, while often difficult, 
is usually possible, and it is primarily with the problem of such differ- 
entiation that future reports in this series will deal. 

Summary. An analysis of 77 patients with angina pectoris has been 
made, with particular reference to the characteristics of the pain and 
its relationship to various body functions. 

The pain was felt in the substernal location in only about 3 the 
patients. Pain entirely limited to the periapical, axillary or abdominal 
regions did not occur in any case. 

The duration of the pain was usually a few minutes only, rarely 
longer than $ hour. No patient had pain lasting for a few seconds 
only. 

Pain of great intensity was exceptional, the discomfort being mild or 
minimal in more than 3 the patients. 

The discomfort was constrictive or heavy in character in only about 
50% of the cases. Frequently, the pain was of an aching quality; 
burning discomfort was occasionally found; while lancinating pain was 
encountered in only one subject. 

In addition to the generally recognized ‘‘trigger’’ factors of exertion, 
sating, emotion and cold, the recumbent posture and glucose deficiency 
were found to be common precipitating causes of the seizures. In 
exceptional patients, anginal attacks with typical electrocardiographic 
changes may be induced by spontaneous hypoglycemia in patients who 
have no seizures with severe effort and no evidence of structural 
cardiac disease. The act of eating may precipitate anginal attacks in 
certain patients and may prevent the attacks in other subjects. 

Pain induced by the sitting or standing position or aggravated by 
breathing, coughing or swallowing can usually be safely ascribed to 
disorders other than angina pectoris. 
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in the diagnosis of angina pectoris the most important features are: 


(1) the history of relationship to effort, (2) the short duration of the 
pain, (3) the demonstration that the amount of muscular effort required 
to induce the pain is increased by nitroglycerine. 

A large percentage of patients with angina pectoris also suffer from 
chest pain due to other disorders. Such disorders may either be 
related to angina pectoris (as in the case of myocardial infarction and 
reflex disturbances of the skeletal system) or unrelated to it (as in the 
case of gall-bladder disease, hiatal hernia, esophageal spasm, and so 
forth). Because of the frequent coéxistence of two causes of chest pain, 
one of them may be overlooked unless unusual care is employed in 
obtaining the history. 

Occasional patients—about 10% in this series—may have anginal 
attacks which have never been related to effort. Among the causes 
of such attacks are status anginosus (“coronary insufficiency,”’ “pre- 
infarction angina”) ectopic tachycardia, spontaneous hypoglycemia, 
and conditions such as intermittent claudication, congestive failure 
and undue anxiety about the cardiac condition, which induce the 
patient to lead an unusually sedentary life. It is in this group of patients 
that the greatest diagnostic difficulty is likely to be encountered. 


REFERENCES 


. ASHKENAZ, D. M.: Am. J. Physiol., 120, 587, 1937. 
2. Askey, J. M.: Am. Heart J., 22, 1, 1941. 
3. Barnes, A. R., and Pruetr, R. D.: J. Michigan Med. Soc., 41, 943, 1942. 
. Boaz, E. P., and Levy, H.: Am. Heart J., 14, 540, 1937. 
. Davis, L., Potiock, L. J., and Stong, T. T.: Surg., Gynec. and Obst., 55, 418, 


. EpEIkIN,.J.: J. Am. Med. Assn., 112, 2273, 1939. 
. J., and C. C.: Am. J. MEpb. Sc1., 191, 201, 1936. 
3. ERNSTENE, A. C., and KinE.LL, J.: Arch. Int. Med., 66, 800, 1940. 
. Evans, C., and Bourne, G.: Brit. Heart J., 3, 69, 1941. 
. GILBERT, N.C., Fenn, G. K., and LERoy,G. V.: J. Am. Med. Assn., 115, 1962, 


GILBERT, N. C., LeRoy, G. V., and Fenn, G. K.: Am. Heart J., 20, 519, 1940. 
2. Goopricn, B. E., and Krygs, J. W.: J. Michigan Med. Soc., 41, 570, 1942. 
13. Harrison, T. R.: Failure of the Circulation, 2d ed., Baltimore, Williams & 
Wilkins, 1938. 
14. Harrison, T. R.: J. Am. Med. Assn., 120, 519, 1942. 
15. Harrison, T. R., and Finxs, R. M.: Am. Heart J., 26, 147, 1943. 
16. HeEBERDEN, W.: Failure of the Circulation, 2d ed., Baltimore, Williams & 
Wilkins, p. 59, 1938. 
17. Howarp, T.: Med. J. and Rec., 131, 364, 1930. 
18. Keerer, C.S., and Resnik, W.H.: Arch. Int. Med., 41, 769, 1928. 
19. Levy, R. L., Bruenn, H. G., and Russe.z, N.G., Jr.: Am. J. Mep. Sct., 197, 
241, 1939. 
Lewis, Sir THomas: Pain, New York, The Macmillan Company, 1942. 
. Lewis, Sir THomas: Diseases of the Heart, New York, The Macmillan Company, 


2. Miititer, H. R.: New York State J. Med., 41, 345, 1941. 
. Rusin, B.: J. Med. Soc. New Jersey, 39, 529, 1942. 
. Srppe, C., and Bostock, J.: Med. J. Australia, 1, 207, 1933. 
. SPILLANE, J. D., and Wuite, P. D.: Brit. Heart J., 2, 123, 1940. 
3. Twiss, A., and Soxot, M.: Am. Heart J., 23, 498, 1942. 
. WEINSTEIN, J., and Matrixow, B.: Ann. Int. Med., 12, 1886, 1939. 
. Wo.rerts, C. C., and Eperxin, J.: Penna. Med. J., 45, 579, 1942. 


1932. 
‘ 
{ 
1( 
1940. 
1933. 
2 


588 THOMSON, FEIL: 


INFARCTION OF THE LATERAL WALL OF THE LEFT VENTRICLE 
PATHOLOGIC AND ELECTROCARDIOGRAPHIC STUDY 
By Huco WarRNEFoRD THomson, M.D.* 


BUENOS AIRES, ARGENTINA 
AND 
Harowp Feit, M.D. 
CLEVELAND, OHIO 
(From the Department of Medicine of Western Reserve University and the University 
Hospitals of Cleveland) 

THE electrocardiographic (ECG) pattern of infarction of the lateral 
wall of the left ventricle (mid-ventricular infarction) was first described 
by Wood, Wolferth and Bellet.“ They described the following ECG 
changes as typical: (1) Depression of the RST segment in Lead IV. 
(2) Depression of the RST segment in Leads I and II. This they 
stated was commonly, though not universally, present. (3) Absence 
of characteristic abnormalities in Lead III. (4) High incidence of 
auricular fibrillation. 

The resemblance to digitalis effect in the S-T segment was also noted. 
One typical, uncomplicated autopsy case was reported. Left circum- 
flex artery thrombosis was usually found to be responsible for the 
infarction. 

Since their paper in 1938, the only report has been that of Johnston, 
Rosenbaum and Wilson® who write that “Antero-lateral infarction 
gives rise to characteristic changes in leads from the left side of the 
precordium and in Lead I. Postero-lateral infarcts often produce 
abnormally large Q waves in the leads from the extreme left side of the 
precordium and give rise to inverted T waves in Lead I and prominent 
Q waves in Leads II and III. When antero-septal infarction is fol- 
lowed by postero-lateral infarction, there is a tendency for the QRS 
changes produced by the former to disappear or become less typical. 
Under these circumstances R waves may reappear in leads from the 
right side of the precordium and typical or semicharacteristic modifi- 
cations of the ventricular complexes of the fifth and sixth precordial 
leads appear for the first time.” 

With the object of inquiring further into the incidence and diagnostic 
criteria of this type of infarction, 106 postmortem cases of myocardial 
infarction were reviewed. The entire group of cases (Table 1) was 
subdivided, depending on the location of the infarct. 


TABLE 1..-—PostmMorTEM Cases or MyocarpIAt INFARCTION SUBDIVIDED 
ACCORDING TO LOCATION OF INFARCT 


Location No. 
Left lateral wall . . . . . 19 
Right lateral wall 1 
Posterior and basal . . . . 26 
Anterior and apical . . . . 56 


We have also added 1 case of contusion of the lateral wall of the 
left ventricle by a bullet wound, making a total of 107 cases. This 


* Commonwealth Fund Fellow. 
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incidence of left lateral infarction is in accord with that of Barnes,' 
who found 8 cases in 49 cases of myocardial infarction (16.3%). 

Barnes! in 1932 stated that in a heart with an unusually large left 
circumflex artery or with neighboring arteries congenitally small or 
obstructed by disease, occlusion of this vessel results in a more exten- 
sive infarction, involving the anterior or posterior wall of the left 
ventricle, producing complex electrocardiographic patterns. 

We have divided our cases of lateral infarction into the following 
groups: (1) Recent pure lateral infarcts with “typical” electrocardio- 
grams (4 cases). (2) Recent pure lateral infarcts with atypical electro- 
cardiograms (5 cases). (3) Recent lateral infarcts combined with 
infarction of some other part of the myocardium (3 cases). (4) 
Remote lateral infarcts (7 cases). 

In every case a postmortem examination was performed and an 
ECG had been taken just before death in the cases of recent infarction. 
The location of the recent infarcts in the first 9 cases are illustrated in 
Figure 1, together with the coronary arteries involved. Figure 2 
shows the typical ECG findings in the first 4 cases. Figure 3 comprises 
the ECG of the atypical cases. ° 

Group I. Cases With ‘‘Typical” ECG. This group comprises those 
cases of recent infarction of the lateral wall which showed ECG 
changes similar to those described as typical of this type of infarction 
by Wood, Wolferth and Bellet.“ These patients had not received 
digitalis at the time the ECG showing the typical changes were taken. 
Of these cases, 3 had remote infarcts in addition to the recent infarc- 
tion. In 1 case the infarct was extensive and occupied a part of the 
anterior wall; in another the infarct extended slightly into the posterior 
wall. The left circumflex coronary artery was occluded by a recent 
thrombosis in 1 case; in 2 cases the left coronary artery was thrombosed 
near its origin; in another case only sclerosis of these arteries was 
present. 

In all of our 4 cases, the S-T segment was depressed in the chest 
leads. These cases showed a slight depression of the S-T’ segment in 
the limb leads. Two of these cases showed a slight elevation of the 
S-T segment in Lead I. In only 1 case were the T waves upright in 
all leads. Contrary to the findings of Wood, Wolferth and Bellet," 
the QRS complex showed some notching in 2 of our cases. 


Case Studies. Casel. Female,aged61. Clinical Diagnosis. Myocardial 
infarction; generalized arteriosclerosis. Five years previously, patient was 
awakened from sleep by a dull aching pain in the left chest radiating to the 
left shoulder and arm. Known high blood pressure for 10 years. Twenty- 
four hours before admission, sudden seizure of pain beginning over the pre- 
cordium, radiating to the left shoulder and down to the fingers. Not relieved 
by nitroglycerin. This persisted until 4 hours before admission when it 
suddenly increased. 

Physical Findings. Cyanosis, distention of neck veins, shallow respiration, 
slight accentuation of As, blowing systolic murmur at apex was noted. A few 
coarse rfles over both bases; later, loud moist rales. White blood cell count 
10,000; sedimentation rate 0.5 mm. per minute. Temperature rose to 39.2° C. 
on the 2nd hospital day. On 5th hospital day there was a sudden return of 
agonizing pain. Cheyne-Stokes respiration, diaphoresis, cyanosis and a fall 
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of blood pressure to 90/70. On the 7th hospital day another severe attack of 
pulmonary edema and pain occurred, followed by sudden death. The patient 
had digitalis on the 4th and 5th hospital days after the first and diagnostic 
electrocardiogram. 


Recent and 
- 
remote infarct 


Posterior 
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Fig. 1.—(Continued.) 


Pathologic Findings. Recent infarct of the lateral wall of the left ventricle. 
Remote infarcts of the posterior and anterior walls of the left ventricle. Marked 
coronary sclerosis and stenosis. Recent thrombosis of the circumflex branch 
of the left coronary artery with extension of thrombus into left main coronary 
artery. The interventricular septum was involved by a remote infarct of the 
posterior wall of the left ventricle. Cardiac hypertrophy and dilatation 
(400 gm.) (Fig. 1, a). 

ECG, 1/30/40: A-V nodal rhythm, rate 75 per minute; abnormal left axis 
deviation; depression of S-T,,2,4. (Fig. 2, a). 2/5/40 (day preceding death): 
— sinus rhythm, rate 98 per minute; voltage lower; stepladder ascent of 
S-T in 4R. 

CasE 2. Male, age 57. Clinical Diagnosis. Myocardial infarction, remote 
and recent; generalized arteriosclerosis and hypertension; bronchopneumonia. 
Two previous admissions for bronchopneumonia and for right herniorrhaphy. 
Hemiplegia 3 years previously. One week before admission a severe attack 
of nocturnal dyspnea with substernal oppression. Four days before admission 
a similar attack and the night before admission a third attack which was still 
more severe. 

Physical Findings. Respiratory distress, diffuse apex beat, slight enlarge- 
ment of the heart to the left, soft blowing, high-pitched systolic murmur 
following first sound at apex. Blood pressure 150/110; elevated venous 
pressure. White blood cell count 10,000. Type 23 pneumococci in the 
sputum. Increased sedimentation rate. Forty-eight hours after admission 
the patient had a severe pulmonary edema and died 36 hours later. ECG 
was taken on day of admission previous to digitalization. 
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Pathologic Findings. Recent infarct of the lateral wall of the left ventricle. 
Remote infarct of the anterior and posterior wall of the left ventricle. Com- 
plete occlusion of the left circumflex coronary artery by a recent thrombus. 
Stenosis of right coronary artery with some intramural hemorrhage and 
lymphocytic infiltration. Marked coronary arteriosclerosis. Hypertrophy 
and dilatation (500 gm.) (Fig. 1, 6). 

ECG: Regular sinus rhythm, rate of heart 114 per minute; right bundle 
branch block; depression of S-Tx (Fig. 2, 0). 

Case 3. Male, age 78. Clinical Diagnosis. Parkinsonism; myocardial 
infarction. He had encephalitis in 1920 followed by Parkinsonism; angina 
for 3 weeks and a constant substernal pain with weakness for 12 hours before 
admission. 

Physical Findings. Severe distress, peripheral cyanosis and cold extremities, 
a few basal rales. Heart normal in size and in sounds. Blood pressure 130/110. 
White blood cell count 14,500. Accelerated sedimentation rate. The day 
after admission auricular fibrillation began and the patient was digitalized. 
He suddenly expired on the 6th hospital day. The first and diagnostic electro- 
cardiogram was taken on the day. of admission and before digitalis had been 
given. 

Pathologic Findings. Recent. infarct of the left ventricle, most marked 
over the left lateral wall. The infarction of the left ventricle anteriorly was 
subendocardial and did not extend through the epicardium (Fig. 1, c). 

ECG, 1/4/43: Regular sinus rhythm, rate 115 per minute. T, negative, 
S-T»,s,cr2,4e depressed; frequent ventricular extrasystoles (Fig. 2, c). 1/7/43: 
Paroxysmal auricular fibrillation. 

Case 4. Female, age 69. Clinical Diagnosis. Coronary thrombosis; 
arteriosclerosis; diabetes mellitus. 

Complaint of precordial pain for 2 years. Persistent pain in chest and left 
arm for 2 weeks. Known hypertension for 8 years. On the day before 
admission, the patient became irrational, then comatose. The sputum for 
the last 3 days was grossly bloody and she vomited large amounts of blood. 

Physical Findings. Ashen cyanosis, coma, shallow breathing, moist rales 
in both bases, systolic murmur to left of sternum in fourth intercostal space. 
Protodiastolic gallop. White blood cell count 8950; sedimentation rate not 
increased. Died in Ist hospital day. No digitalis therapy. 

Pathologic Findings. Recent and remote infarction of lateral and basal 
wall of left ventricle. Coarse fibrous scar in interventricular septum. Fibrous 
obliteration of pericardial cavity. Severe coronary arteriosclerosis and sten- 
osis. Lumen of left circumflex coronary artery greatly reduced. Hypertrophy 
and dilatation of heart (425 gm.) (Fig. 1, d). 

ECG: A slight elevation of S-T segment in Lead I with the T wave inverted 
in the same lead. In both chest leads there was an abnormal depression of the 
S-T segments, proportionally greater in 4R (Fig. 2, d). 


Group II. Cases With Atypical ECG. ‘This group comprises Cases 5 
to 9 inclusive. The infarcts all involved the mid-ventricular region 
of the left ventricle. In 3 cases the left circumflex artery was ob- 
literated by recent thrombosis; in 1 case the left coronary artery was 
occluded by a thrombus at its origin; in 1 case only sclerosis was 
present in the coronary arteries. In 2 cases there was occlusion of 
one of the other coronary arteries. Wood, Wolferth and Bellet,“ in 
discussing their atypical cases, observed that the ECG could be modi- 
fied by the extension of the infarct into the anterior or posterior walls, 
so producing the atypical ECG findings. Two of our cases showed 
changes corresponding to a recent posterior and basal infarct and 1 case 
suggested an old posterior and basal infarct. In the other 2 cases, 


fibrillation was present but 1 of these had a depression of the S-T 
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segment in the chest lead which might have been more pronounced if 
pericarditis had not been present. 


Case 5. Female, age 68. Clinical Diagnosis. Arteriosclerosis; hyperten- 
sion; coronary occlusion; cerebral hemorrhage and multiple infarction of the 
brain. ‘Two previous admissions, the one for a surgical condition and the other 
for hypertensive heart disease and cardiac failure. The patient returned to 
the Out-patient Department after 1 month, complaining of pain and short- 
ness of breath. On the same evening she became stuporous and developed 
left hemiplegia. 


4R 


a. b. a. 


Fig, 2 (a-d).—Electrocardiograms of patients with pure lateral infarcts, with ‘“‘typical”’ 
changes. 


Physical Findings. Stupor, left hemiplegia, moderate venous distention, 
crepitant rales in the left base, enlarged heart, harsh systolic murmur at the 
apex, pulsus alternans, enlarged liver. White blood cell count 9450; increased 
sedimentation rate. She received digitalis during her hospital stay but the 
ECG was taken the day before admission when she had been digitalis-free for 
1 month. On the 4th hospital day the patient became comatose and expired 
on the 5th hospital day. 

Pathologic Findings. Recent infarct of the lateral and posterior wall 3 cm. 
from apex of left ventricle. Severe sclerosis and stenosis of left descending 
and left circumflex coronary arteries. Remote infarct of the posterior wall of 
the right ventricle. Cardiac hypertrophy and dilatation (625 gm.) (Fig. 1, e). 
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ECG: Left axis deviation. There was some elevation of the S-T segment 
in Leads II, III and 4R (Fig. 3, a). 

Case 6. Male, age 55. Clinical Diagnosis. Coronary occlusion and 
multiple pulmonary emboli. Patient had attack of “acute indigestion” 
immediately following lunch on the day of admission. Severe substernal pain 
radiating into both arms followed by acute dyspnea and orthopnea. 

Physical Findings. RaAles in both bases of the lungs, enlargement of heart. 
Increased sedimentation rate; white blood cell count 13,050. The patient 
was digitalized. No digitalis had been given previous to the ECG. 

Pathologic Findings. Recent infarct of lateral, posterior and basal portions 
of left ventricle. Remote infarct of anterior and apical portion of left ven- 
tricle and interventricular septum. Recent thrombosis of left circumflex 
coronary artery. Remote thrombosis of descending branch of left coronary 
artery. Marked coronary arteriosclerosis. Focal acute fibrinous pericarditis. 
Hypertrophy and dilatation of heart (520 gm.) (Fig. 1, f). 

ECG: Typical picture of posterior and basal infarction; auricular fibrilla- 
tion (Fig. 3, 6). 

Case 7.—Female, age 85. Clinical Diagnosis. Recent coronary throm- 
bosis; arteriosclerosis. Right hemiplegia 1 year before entrance. Increasing 
shortness of breath, orthopnea and cough for 1 year. One month previous to 
admission an attack of severe substernal pain lasting for about 1 week. This 
again occurred 1 day before admission and was followed by several attacks of 
vomiting. 

Physical Findings. Mild dyspnea, rales in both lung bases, slight enlarge- 
ment of heart to the left. Blood pressure 130/80. White blood cell count 
9700 on admission; on 9th hospital day it was 13,000. Increased sedimenta- 
tion rate. Patient was treated with nicotinic acid and digitalis without any 
response. She became comatose, had Cheyne-Stokes respiration and died on 
the 17th hospital day. 

Pathologic Findings. Recent infarct of the lateral wall of the left ventricle 
with perforating aneurysm. Several small areas of fibrosis in the interven- 
tricular septum. Recent and remote occlusion of the left circumflex coronary 
artery for a distance of 5 cm. with a fresh thrombus in mid-portion. Sclerosis 
of coronary arteries. Pericardial adhesions. Hypertrophy and dilatation of 
heart (550 gm.) (Fig. 1, g). 

ECG: Regular sinus rhythm (transient auricular fibrillation), and elevation 
of R-T;,2,; and inversion of T., (Fig. 3, c). 

CasE 8.—Male, age 64. Clinical Diagnosis. Myocardial infarction, recent 
and remote; cardiac insufficiency; embolism of bifurcation of aorta; infarction 
of kidney. Two and a half weeks before admission, the patient developed an 
upper respiratory infection. Suddenly he became short of breath, did not 
respond to treatment and was hospitalized. 

Physical Findings. Orthopnea, cyanosis, impaired resonance at bases of 
both lungs, decreased intensity of the breath sounds, many coarse and fine 
rales, enlarged heart, marked sclerosis of peripheral arteries. The liver was 
4 cm. below the costal margin and was tender. Some ankle edema. White 
blood cell count 16,800. Shortly after admission the patient was digitalized. 
The diagnosis of saddle embolus was made and an embolectomy was done 
successfully. Patient died suddenly the following morning. 

Pathologic Findings. Recent infarct of mid-lateral and posterior portion of 
left ventricle. Area of dense fibrosis in interventricular septum. Origin of 
left descending coronary artery occluded by recent thrombus. Right coronary 
artery occluded 2 em. from origin by old occlusion. Coronary arteriosclerosis. 
Hypertrophy and dilatation of heart (510 gm.) (Fig. 1, h). 

ECG: Auricular flutter and the S-T segment was deformed by P waves 
(Fig. 3, d). 

CasE9. Male, age 40. Clinical Diagnosis. Recent myocardial infarction; 
remote myocardial infarction; hypertensive cardiovascular disease. A diag- 
nosis of coronary thrombosis with infarction of the posterior and basal portions 
of the heart was made 3 years before admission. Highest blood pressure was 
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160/110. The patient remained well and was able to work after his original 
coronary thrombosis until a few days before death when he had several anginal 
attacks. He died suddenly on Jan. 30, 1942. 

Pathologic Findings. Recent and remote infarcts of lateral wall of the left 
ventricle. Recent thrombosis of left circumflex coronary artery and recent 
hemorrhage into wall of right coronary artery with organizing thrombosis. 
Hypertrophy and dilatation of right ventricle (470 gm.) (Fig. 1, 7). 

ECG: Regular sinus rhythm, Q, and deep Q;, inversion of T:,;. There 
was no deviation of the RS-T segment (Fig. 3, e). 


Group III. Combined Infarcts. In this group we include 3 cases 
of recent lateral infarction accompanied by other recent myocardial 
infarction. In 2 cases the interventricular septum was involved; in 
another case there was a coéxisting recent infarction of the apex of the 
left ventricle. ‘Two records show evidence of a recent posterior and 
basal, and septal infarction. The other case showed left bundle branch 
block. 


Case 10. Male, age 68. Clinical Diagnosis. Arteriosclerotic heart dis- 
ease; coronary occlusion. 

Pathologic Findings. Recent infarct of lateral and posterior wall of left 
ventricle, and posterior part of interventricular septum. Coronary arterio- 
sclerosis marked. Left circumflex occluded by thickening of the wall: Recent 
hemorrhage and thrombosis of right coronary artery. Remote arteriosclerotic 
occlusion of left descending coronary artery with remote infarction of anterior 
wall of left ventricle. Hypertrophy and dilatation of heart (490 gm.). Fibrin- 
ous pericarditis. 

ECG: Evidence of posterior and basal infarction and right bundle branch 
block. 

Case 11. Male, age 57. Clinical Diagnosis. Arteriosclerotic heart dis- 
ease; coronary thrombosis; cardiac decompensation; right hydrothorax. 

Pathologic Findings. Recent infarct of base and lateral wall of the left 
ventricle and anterior and apical portion of left ventricle. Severe coronary 
arteriosclerosis. Fresh thrombus in left circumflex coronary artery. Fibrosis 
of anterior and apical portion of interventricular septum. Hypertrophy and 
dilatation of heart (750 gm.). 

ECG: Left bundle branch block. 

Case 12. Male, age50. Clinical Diagnosis. Arteriosclerotic heart disease; 
coronary occlusion; myocardial infarction, posterior and basal. 

Pathologic Findings. Recent and remote infarction of lateral wall and apex 
of left ventricle, and posterior and basal portions of interventricular septum. 
Marked coronary arteriosclerosis and stenosis. Recent thrombosis of descend- 
ing branch of the left coronary artery. Hemorrhage into wall. Marked 
fibrosis of endocardium. Acute fibrinous pericarditis. Hypertrophy and 
dilatation of heart (520 gm.). 

ECG: Evidence of healed posterior and basal infarction and intraventricu- 
lar block. 


Group IV. Remote Infarcts. [Four cases in this group had lateral 
infarcts extending into the posterior wall of the heart. Two extended 
into the anterior wall and only one was a pure remote lateral infarct. 


CasE 13. Male, age 69. Clinical Diagnosis. Hypertensive cardiovascular 
disease; generalized arteriosclerosis and dilatation of the aorta; severe heart 
failure; obesity; hypostatic bronchopneumonia. 

Pathologic Findings. Remote healed infarct of lateral and basal portion 
of left ventricle. Marked arteriosclerosis and chronic fibrous pericarditis, 
Hypertrophy and dilatation of heart (540 gm.). 
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ECG: Taken before death showed auricular fibrillation. The QRS com- 
plexes were of low voltage and left axis deviation was present; a W complex 
was present in Lead II; the T wave was isoelectric in Leads I, II and III, 
There was a slight depression of the S-T segment in 4R. 

Case 14. Male, age 58. Clinical Diagnosis. Myocardial infarction, poste- 
rior and septal; chronic bronchitis; emphysema and bronchiectasis. 

Pathologic Findings. Area of scarring in central part of lateral wall of left 
ventricle; occlusion of left circumflex coronary artery by hemorrhage in an 
arteriosclerotic placque. Remote recanalized occlusion in right coronary 
artery. Severe arteriosclerosis with marked stenosis. Cardiac hypertrophy 
(470 gm.). 

ECG: On admission this showed regular sinus rhythm, low amplitude of 
QRS; T, and T; sharply negative; slight elevation of the S-T segment in 4R 
with an inverted T. Another ECG taken 2 days later showed regular sinus 
rhythm, prolonged P-R interval, low voltage of QRS; T; isoelectric, T, and 
T; inverted. The T wave in 4R was sharply negative. 

CasE 15.—Male, age 63. Clinical Diagnosis. Myocardial infarction, re- 
mote and recent; ventricular aneurysm; bronchopneumonia; arteriosclerotic 
heart disease. 

Pathologic Findings. Remote infarction of anterior and lateral wall of the 
left ventricle with remote thrombosis of the descending branch of the left 
coronary artery. Marked arteriosclerosis. Hypertrophy and dilatation of 
heart (410 gm.). 

ECG: - Typical of remote anterior and apical infarction with interference 
dissociation. 

Case 16. Female, age 64. Clinical Diagnosis. Hypertensive cardio- 
vascular disease; coronary occlusion; decompensation; generalized arterio- 
sclerosis. 

Pathologic Findings. Remote infarct of apex and lateral wall of the left 
ventricle and apical portion of the interventricular septum. Marked stenos- 
ing arteriosclerosis. Recent thrombosis of the right coronary artery. Cardiac 
hypertrophy and dilatation (460 gm.). 

ECG: The ECG of 3/15/41 had abnormal left axis deviation and the T wave 
in Lead I was diphasic. On 12/5/41, taken just before exitus, the ECG showed 
a prolonged P-R interval; low amplitude and notching of QRS in Leads I, 
II and 4R. 

CasE 17. Male, age 59. Clinical Diagnosis. Coronary occlusion; recent 
mid-thigh amputation. 

Pathologic Findings. Remote infarction of lateral and posterior wall of left 
ventricle. Remote occlusion of left circumflex coronary artery; partial re- 
canalization. Remote infarcts in the interventricular septum. Marked cor- 
onary arteriosclerosis and stenosis; mitral stenosis. 

ECG: Showed auricular fibrillation and a deep Q in Leads II and III. 
Digitalis effect was marked. The patient had been on a maintenance dose of 
digitalis. 

CasE18. Male,age51. Clinical Diagnosis. Chronic glomerular nephritis; 
uremia; pericarditis. 

Pathologic Findings. Remote infarct of lateral and basal wall of the left 
ventricle and interventricular septum. Marked coronary sclerosis and sten- 
osis. Acute myocarditis of right auricle. Acute fibrinous pericarditis. 
Hypertrophy and dilatation of heart (600 gm.). 
as Left axis deviation and digitalis effect. (The patient was <digital- 
ized. 

CasE 19.— Male, age 66. Clinical Diagnosis. Arteriosclerotic heart disease. 

Pathologic Findings. Irregular areas of scarring of lateral and posterior 
wall of left ventricle. Marked arteriosclerosis and stenosis. Hypertrophy 
and dilatation of heart (560 gm.). 

ECG: Auricular fibrillation and bigeminy with depression of S-T. This 
patient had digitalis intoxication. 


] ‘ 
shi 
the 
In 
do 
po 
inf 
M 
dis 
Wi 
on 
of 
hy 
Le 
T 
pl 
rl} 

T 
fi 
ir 
sl 

a 

t 
a 
b 

| 

I 

I 


NFARCTION OF THE LATERAL WALL OF THE LEFT VENTRICLE 599 


Remote Cases. In 3 cases auricular fibrillation was present but in 
| case there was an associated mitral stenosis. The records taken 
showed no consistent pattern. ‘Two records showed low amplitude of 
the QRS complex and in Case 13 there was a W complex in Lead II. 
Interference dissociation was present in 1 case. Digitalis intoxication 
dominated the ECG of 3 cases. Two cases showed changes of old 
posterior and basal infarction and 1 case of old anterior and apical 
infarction. 


Infarction of Lateral and Posterior Wall of the Right Ventricle. Casr 20. 
Male, age 61. Clinical Diagnosis. Arteriosclerotic and hypertensive heart 
disease; diabetes mellitus. 

Pathologic Findings. Recent and remote infarction of lateral and posterior 
wall of right ventricle. Recent and remote occlusive thrombosis of right cor- 
onary artery. Sclerosis of coronary arteries. Pericardial adhesions over area 
of infarction. Mural thrombi in right auricle and right ventricle. Cardiac 
hypertrophy and dilatation (650 gm.). 

ECG: Regular sinus rhythm, left axis deviation, slight depression of the 
S-T segment in Lead I and slight elevation of the S-T segment in Lead III. 
Lead 4R showed a small positive wave of the initial ventricular deflection. 
The record suggested a posterior and basal infarct. Weinberg and Katz” 
published the ECG of a patient with infarction of the lateral wall of the 
right ventricle showing a Ty pattern. 

Contusion of Lateral Wall of the Left Ventricle. Casrz 21. Male, age 50. 
This case was a male who had received a close range bullet wound entering the 
fifth intercostal space, left mid-clavicular line and penetrating the pericardial 
sac in the mid-portion of the lateral wall of the left ventricle. There were 
irregular, slightly depressed and elevated areas 3.5 cm. in diameter, which 
showed acute focal interstitial myocarditis. Acute fibrinous pericarditis was 
also present. The ECG showed changes found in pericarditis (epicarditis). 


Discussion. The atypical ECG of cases of recent myocardial infarc- 
tion have been studied by many authors.?4:7-91.13 The ECG may be 
altered by pericarditis (epicarditis); digitalization; combined infarcts, 
both old and recent; massive acute infarction; hypertension; cor 
pulmonale;® involvement of the right ventricle and intraventricular 
block. The ECG of recent infarction may be further distorted by 
myocardial hypertrophy and myocardial changes secondary to rheu- 
matic heart disease. Robb and Robb" suggest that combinations of 
infarctions of the different muscle bundles may be responsible for 
atypical curves. Several writers!®.8 mention that involvement of the 
subendocardial layers of the myocardium may likewise be a factor. 

We have found in 4 cases of recent myocardial infarction the pattern 
described by Wood, Wolferth and Bellet," including the high incidence 
of auricular fibrillation. Our findings emphasize the importance of the 
pattern of left lateral infarction. Further experience with extremity 
potentials® may increase the accuracy of diagnosis, especially of com- 
bined lesions. 

Summary and Conclusions. 1. Nineteen cases of left lateral infarc- 
tion were found in 106 cases of myocardial infarcts examined patho- 
logically. Of these lateral infarcts, 9 were recent. In these recent 
cases the electrocardiograms of 4 (44.4%) showed the pattern described 
by Wood, Wolferth and Bellet. 
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2. Auricular fibrillation or flutter was found in 5 of these recent 
cases (55.5%). This incidence may have been greater actually because 
all of the ECG showed auricular fibrillation or flutter to be temporary. 

3. In the 5 recent cases without ECG diagnostic of lateral infarc- 
tion, the changes were diagnostic of posterior and basal infarction in 
3 instances. The other 2 cases showed auricular fibrillation, and in 
| of these the ECG showed slight but not diagnostic depression of the 
S-T segment in Lead 4R. 

4. 'Two cases associated with infarction of the posterior and basal 
region of the left ventricle presented ECG dominated by the T; pattern. 
One case associated with anterior and apical infarction had left bundle 
branch block. 

5. Seven cases of remote lateral infarction showed no characteristic 
pattern. 
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ABDOMINAL AORTIC ANEURYSM 


RUPTURE INTO THE JEJUNUM PRECEDED BY OCCULT BLOOD 
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(From the Department of Medicine, William J. Seymour Hospital) 


PROBABLY less than 25 cases of aneurysm of the abdominal aorta 
with rupture and perforation into the gastro-intestinal tract have been 
reported to date. 

In 1931 Riggs and Massey,® in a thorough review of the subject, 
were able to find 9 cases which terminated by rupture and perforation 
into the gastro-intestinal tract, 8 rupturing into the duodenum and 1 
into the transverse colon. To this collection of cases they added 
another which ruptured into the duodenum. Since 1931 Scully,’ 
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Neely,* Manson,? Roach,’ Penas,> and Smith,® each reported a case 
with rupture into the duodenum, and Kampmeier' reported 1 with 
rupture into the stomach. 

The rarity of this interesting phenomenon precludes any adequate 
statistical study of the symptomatology which may exist prior to 
fatal termination. However, the clinical findings of the case reported 
herein are such that they may add to those already recorded in the 
literature. 


Case Study. The patient, a 76 year old white male, was admitted to the 
hospital on Dec. 2, 1942. He had enjoyed good health most of his life until 
5 weeks prior to hospitalization, when epigastric pain and abdominal disten- 
tion occurred with abrupt onset. At times the pain was cramping, knifelike 
and radiated across the upper abdomen. The pain was usually aggravated 
by eating solid foods. Nausea and anorexia were prominent features, and on 
one occasion he had voniited a large quantity of bitter tasting, greenish liquid 
material. Since the onset of symptoms he had lost 10 pounds in weight and 
complained of extreme weakness and dizzy spells. There was no history of 
tarry stools, dyspnea, or relief of pain by the use of antacids. 

Physical examination at the time of admission to the hospital revealed an 
elderly, well-developed but poorly nourished individual who did not appear 
to be in acute distress. Temperature, pulse and respirations were normal. 
The head, ears, nose and throat were normal. The presence of bilateral 
immature cataracts precluded examination of the fundi. The chest was clear 
to percussion and auscultation. The heart was slightly enlarged to the left, 
the rate and rhythm were normal and no thrills or murmurs were noted. The 
systolic blood pressure was 120, diastolic 70. The abdomen was scaphoid in 
appearance. Moderate tenderness to palpation was present in the epigastrium. 
The liver was palpable 3 em. below the right costal margin in the mid-clavicular 
line. No other masses and no pulsations were noted. Posteriorly, moderate 
tenderness to percussion was present over the region of each kidney. The 
genitals, extremities, reflexes and rectal examination were either normal or 
non-contributory. 

The hospital course was characterized by constant epigastric pain and 
anorexia, and intermittent nausea and abdominal distention. The tempera- 
ture was elevated daily as high as 102° F. An admission blood count revealed 
10.5 gm. of hemoglobin per 100 ec., 4,600,000 red blood corpuscles per c.mm. 
and 3200 white blood corpuscles per c.mm. Five urinalyses were normal 
except for slight traces of albumin. Examination of the gastric contents dur- 
ing the fasting state revealed a normal amount of free hydrochloric acid and 
no occult blood. No retention of food in the stomach was present on repeated 
aspiration. Roentgenologic examination of the upper gastro-intestinal tract 
revealed no demonstrable pathology in the esophagus or stomach. The duo- 
denal cap filled to a normal contour. At 6 hours there was a slight trace of 
barium in the stomach, but the remainder appeared to be localized to the 
terminal ileum and cecum. There appeared to be a small calcified node 
anterior to the third lumbar vertebra. Roentgenologic examination of the 
colon by means of a barium enema revealed no defects, diverticule or polyps. 
Spasm was noted in the ascending and transverse colon. A 6 foot chest roent- 
genogram revealed the greatest transverse diameter of the thorax to be 
27.6 em., and the greatest transverse diameter of the heart to be 17.8 cm. 
The left ventricle was enlarged. Calcium plaques were present in the aorta. 
Scarring was present in the left apex and there were numerous small calcified 
foci in both lung fields. There appeared to be a slight pleural effusion on the 
left side and pneumonitis in the base of the left lung. The guaiac test for 
occult blood in the stool was reported as follows: December 5, positive; 
December 7, slightly positive; December 11, positive; December 14, strongly 
positive; December 17, strongly positive. 
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On December 18 at 1:15 p.m. the patient was found to be semicomatose, the 
skin cold and clammy and the blood pressure unobtainable. A large quantity 
of dark red liquid feces was present in the bed. Despite immediate treatment 
for acute peripheral vascular collapse and acute blood loss the patient expired 
at 1:55 P.M. 


Autopsy Keport.* The left pleural cavity contained 300 ce. of 
straw-colored fluid. On section, each lung presented a dark mottled 
appearance and considerable edema. The heart weighed 350 gm. 
The coronary arteries showed advanced atherosclerosis with some 
calcification. The thoracic aorta showed a number of atheromatous 
plaques measuring 1 to 2 cm. in diameter. A small aneurysm measur- 
ing 2x 1.5 x 1.5 em. was situated 18 cm. beyond the aortic valve. 
The abdominal aorta also showed many atheromatous plaques which 
measured up to 2 cm. in diameter. 


Fig. 1.—Abdominal aorta showing atheromatous ulcer with ‘‘arteriosclerotic’ 


aneurysm. 


The intima of the abdominal aorta was covered by a soft thrombus 
which extended vertically from a level 3.5 cm. to a level 8.5 em. above 
the bifurcation (Fig. 1). The thrombus measured 2 cm. transversely 

* The authors express their appreciation to Dr. 8: E. Gould, Attending Pathologist, 


and to Dr. H. N. Ginsburg, Resident in Pathology, of the William J. Seymour Hospital, 
for performing the autopsy and for their aid in preparation of the pathologic report. 
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at its upper portion and appeared to have an average thickness of 
about 1 em. Its composition appeared to be old clotted blood, par- 
tially organized blood and atheromatous material. It appeared to rest 
upon an old ulcerated base which measured about 4 cm. vertically 
and up to 3 em. transversely. The edges of the aortic intima adjacent 
to the ulcer were in part thinned and in part thickened. In the thick- 


Fig. 2.—Specimen showing distal portion of duodenum (below and to left of ruler) 
und first portion of jejunum (above and to right of ruler) with perforation of jejunum 


directly above ruler). Note portion of abdominal aorta (top) and iliac arteries (bot- 
tom) in background. 


ened regions, there was considerable calcium deposit. The thrombus 
communicated with an aneurysm which was formed by dilatation of 
the ulcerated base of the aorta. The aneurysm measured 6 x 5x4 cm. 
and was filled with old and recently clotted blood. The wall of the 
aneurysm was found to be perforated at a level about 6.5 cm. above 
the aortic bifurcation. 
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Adjacent to the inferior pole of the aortic thrombus there was an 
irregular area of ulceration of the intima which measured about 
1.2 cm. in average diameter and which was not covered by thrombus. 

Old blood clots and recently extravasated blood were present in the 
left retroperitoneal region. The stomach and first portions of the 
duodenum were normal. Much fluid and clotted blood was found in 
the remainder of the small intestine and in the large bowel including 
the rectum. The posterior wall of the jejunum showed evidence of 
erosion and, at a point 2 cm. from its junction with the duodenum, 
presented an irregular oval perforation about 1 cm. in average diameter. 
The long axis of this perforation was transversely disposed (lig. 2). 
The mucosal edges of the perforation were soft and fairly smooth. 
A mass of dark blood, which had entered the lumen of the jejunum at 
the point of perforation, was connected with a mass of blood lying 
between the posterior wall of the jejunum and the aorta. The level 
of the perforation_into the jejunum was found to be 2 cm. directly 
below the central point of the ruptured aneurysm. Direct communi- 
‘ation between the jejunal perforation and the ruptured aortic aneu- 
rysm was demonstrated. 


Fic. 3.—Section of aortic wall from near site of perforation showing destruction of 
inner two-thirds of media. Weigert elastic stain. (x 95:) 


Microscopic examination of the aneurysmal aortic wall iminediately 
adjacent to the point of rupture showed marked thinning of the media 
with loss of muscle and elastic tissue (Van Gieson and Weigert elastic 
stains), and scattered and focal round cell infiltration of the adventitia 
(Fig. 3). A section of the jejunal wall bordering the area of perfora- 
tion showed some loss of staining of the tissue with mild round cell 
infiltration of the various layers of the gut wall. 
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The liver weighed 1500 gm. and had a “nutmeg’’ appearance. The 
spleen measured 12 x 9 x 5 cm. and weighed 175 gm. It was slightly 
enlarged, soft in consistency and contained an increased amount of 
blood. 

The pathologic diagnosis was ruptured arteriosclerotic aneurysm of 
the abdominal aorta with perforation into the first portion of the 
jejunum and fatal hemorrhage into the bowel; recent hemorrhage into 
the left retroperitoneal tissue; small arteriosclerotic aneurysm of the 
thoracic aorta. 

Comment. ‘The anatomic position of the third portion of the duo- 
denum, as it crosses the vertebral column at the level of the third 
lumbar vertebra, brings it into close relationship with the aorta. 
‘urthermore, this portion of the duodenum is relatively immobilized 
against the vertebral column and aorta by the pancreas, the mesocolon, 
the suspensory ligament of Treitz and other adjacent anatomic struc- 
tures. ‘This initimate relationship probably accounts for the predilec- 
tion of aneurysms of the abdominal aorta, which arise in this region, to 
rupture into the third portion of the duodenum rather than into other 
portions of the small bowel. It also seems reasonable to assume that 
the pressure exerted by an aneurysm against this relatively immobil- 
ized portion of the small bowel accounts for some of the clinical findings 
and symptoms which are present. This is, in fact, substantiated by 
some of the cases reported in the literature. 

Mills and Horton* report that 8.8% of all abdominal aneurysms 
are accompanied by gastro-intestinal symptoms. However, in their 
series of 80 cases, only 32.5% were aneurysms of the abdominal aorta. 
Kampmeier,! in a detailed study of 60 patients with aneurysm of the 
abdominal aorta, found pain to be present in 91.6% and “ indigestion”’ 
in 20% of the cases. In general, abdominal pain, usually present in 
the epigastrium, and indigestion followed by anorexia and weight loss 
are the most frequent complaints of the patient. The duration of 
symptoms is usually less than 1 year, but has been recorded to last 
as long as 4 years. Washburn and Wilbur’ report a case of abdom- 
inal aortic aneurysm causing obstruction of the duodenum which was 
subsequently relieved by posterior gastro-enterostomy. These authors 
also cite a similar case reported by Spizharniy in 1907. 

The roentgenologic findings, when present, are characterized by 
pressure defects on the structures adjacent to the aneurysm. Careful 
fluoroscopic examination of the upper gastro-intestinal tract is most 
important, for it may reveal and localize an extrinsic pulsating mass. 
Roentgenologic examination of the abdomen by means of lateral and 
anterior-posterior plates may demonstrate erosion of the vertebral 
bodies, displacement of organs or calcification in the aorta. Pyelog- 
raphy and barium enema examination are valuable for the same reasons 
—in the latter, if a pressure defect is present, it is usually in the left 
colon. In many instances, however, roentgenologic findings are 
absent or indeterminate and recourse to other clinical findings is 
necessary to arrive at the proper diagnosis. 

The presence of. occult or gross blood in the stool deserves special 
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attention. This finding, in the absence of any demonstrable cause 
and particularly when associated with gastro-intestinal symptoms, 
requires careful study and equally careful evaluation. Aneurysm of 
the abdominal aorta with pressure at some point on the gastro-intes- 
tinal tract should be included in the differential diagnosis of blood in 
the stool. In our review of the literature we found 3 cases in which 
blood was noted in the stool prior to rupture of the aneurysm with 
perforation into the bowel. In the case of Washburn and Wilbur,'° 
occult blood was present in the stool on laboratory examination. The 
case reported herein showed the presence of occult blood in the stool 
for 13 days prior to rupture of the aneurysm with perforation into the 
jejunum. 

Summary. A case of arteriosclerotic aneurysm of the abdominal 
aorta with rupture and perforation into the jejunum is reported. 

Aneurysm of the abdominal aorta with pressure on the small bowel 
is a rare cause of blood in the stool. 
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A TEST FOR VASCULAR TONE IN HUMANS AND ITS APPLICATION 
TO THE STUDY OF VASCULAR DISEASES WITH SPECIAL 
REFERENCE TO THE ETIOLOGY AND PREVENTION OF 
THROMBOPHLEBITIS 


By Meyer Naipg, M.D. 


INSTRUCTOR IN MEDICINE, UNIV. OF PENNA. 
With the Technical Assistance of ANN SA¥EN 


PHILADELPHIA, PA. 


(From the Peripheral Vascular Section of the Edward B. Robinette Foundation, 
Medical Clinic, Hospital of the Univ. of Penna.) 


For a long time those working with patients with vascular disease 
have felt the need for an objective method of measuring vascular tone.* 
For the purpose of this investigation, “vascular tone”’ is defined as the 
ability of blood-vessels to constrict and dilate in response to cold and 
heat respectively, regardless of the mechanism involved. 

We are not using the term “vasomotor tone,” which is frequently 
employed in discussing vasoconstriction and vasodilatation, because 

* Tone has been defined by Evans as the ‘‘resistance muscle offers to extension.”’ 
Henderson® defines tonus as ‘“‘the peculiar vital form of muscular elasticity.’’ Our 


definition of tone fits in with these in that ability of a vessel to resist vasodilatation with 
heat is analogous to ability of a muscle to resist stretching. 
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the latter phenomena, as we have observed them, are the end-result of 
an interplay of a variety of factors such as the degree of sympathetic 
tone, intrinsic smooth muscle tone of the blood-vessel wall, changes 
in blood volume, pressor substances and possibly other factors. We 
know, however, that the amount of sympathetic tone usually plays 
the predominant réle in determining the state of vasoconstriction and 
vasodilatation. 

Very little work has been done on the measurement of individual 
differences in vascular tone, because no clinical test was available. 
In patients, the diagnosis of vasospasm or abnormal vasoconstriction 
frequently is made solely on a clinical observation of coldness and 
cyanosis of the extremities in the presence of peripheral pulses. We 
have always regarded this diagnosis as inadequate, in that no measure- 
ment could be made of the degree of vasospasm or deviation from the 
normal, since the range of normal was unknown. A method has been 
developed by us, by which the degree of individual vascular tone can 
be determined by a simple clinical procedure, namely, the determina- 
tion of the rate of fall in temperature of the extremities during a cool 
period and the rate of rise in temperature of the extremities during a 
period of application of moderate heat to the trunk in a constant 
temperature room at 20° C. 

The clue to the test came from an observation made while performing 
routine reflex vasodilatation tests as described by Gibbon and Landis, 
which we had commonly used to determine the presence and degree of 
local organic arterial occlusion, depending on the height to which the 
temperature of the affected extremity rose in response to (reflex) heat 
to the unaffected extremities. It gave us no estimate of the peripheral 
vascular tone of the individual. By taking routine finger temperature 
determinations in addition to toe temperature readings and using only 
moderate heat, we found that we had a means of grading vascular tone 
in any individual. The importance of finger temperature readings 
lies in the fact that normally there is less tone in the vessels of the 
fingers than in the vessels of the toes, so that by observing the response 
to cold and to heat at these two sites, we obtain a gradient of vascular 
tone or ratio of vascular response in the feet to that in the hands in 
each individual. This gradient of vascular tone in the toes to that 
in the fingers was maintained throughout all of our studies in normal 
individuals. An additional point that is worth emphasizing is that 
only by using a stimulus of moderate intensity were we able to grade 
vascular tone. Had we applied more heat, as, for example, the warm 
water bath that was used in the original Gibbon and Landis vasodila- 
tation test, or had the electric pads been set at high heat, most normals 
would have vasodilated,* and we could not have distinguished those 
who are moderately vasospastic. Vascular tone was determined by 
noting the rate at which the hands and feet cool, or vasoconstrict, 
in a cold room; and whether they become warm, or vasodilate with heat 

* We realize that the term ‘‘to vasodilate,’’ as a verb, is not recorded by Webster, 
though he has defined ‘‘ vasodilating’’ as an adjective. However, the use of ‘‘to vaso- 


dilate’’ is common in clinical discussion and the term has been used in this paper because 
of its simplicity and clarity. 
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applied to the trunk. With this information we made up a simple 
table into which individuals can be placed on the basis of vascular tone 
and from which the grade of vascular tone can be determined for any 
individual (see Table 1). With this classification we were able to 
obtain the range in ability to vasoconstrict and vasodilate in normal 
individuals. ‘Thus we have a basis of comparison for determining the 
presence or absence of abnormal vasoconstriction or vasodilatation in 
patients. 


Fig. 1.—A, Test for vascular tone. Period of cooling. Temperature of room 20° C. 
B, Period with reflex heat. Temperature of room 20° C. Corner of blankets turned 
up to show position of electric pads. 


Method. The subject is asked to omit the meal and any medication before 
the test. The test is described to the patient in general terms so that there 
will be no fear. The patient is asked to void before entering the test room to 
lessen nervous tension during the test. After entering the cold room, the 
temperature of which is maintained at 20° to 22°C. by a cooling unit, the 
subject undresses completely and puts on a light gown or sheet and lies in the 
supine position, his legs and arms being uncovered (see Fig. la). Thermo- 
couples are attached to the first and third toes of each foot and the third fingers 
of each hand. The following routine measurements are taken 15 minutes 
after the patient lies down and every 10 minutes or so thereafter, longer 
intervals of time sufficing after the initial rise in skin temperature is observed 
ollowing the application of heat: the temperature at each thermocouple; 
nouth temperature; blood pressure and pulse rate. When the toe and finger 
temperatures have dropped to as low a level as it appears they can fall (20° to 
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22° C.), requiring 30 to 60 minutes, 2 ordinary electric heating pads* are 
applied to the trunk, covering it from the pubis to the neck. Two blankets 
are then used to cover the patient, excluding, however, the feet and ankles, 
arms and head (see Fig. 1b). The pads are turned on 5 minutes prior to being 
used so that they are warm when placed on the patient. The switch on the 
pads is set at medium heat. Readings are then taken as during the cold period, 
with the exception that time of onset and degree of sweating are recorded. 
Blood pressure and pulse rate determinations are not necessary in the routine 
grading of vascular tone, but have been taken by us to observe the changes 
taking place during the cool and warm periods in individuals with different 
degrees of vascular tone. If the subject has high-grade vascular tone (the 
vasospastic type), the finger temperature and the toe temperature will rise 
slowly or not at all in response to reflex heat. The average period with heat 
ranges from 60 to 150 minutes, individuals with high-grade tone requiring 
more time to vasodilate, if they can vasodilate at all with reflex heat. The 
temperature of the toes and fingers when vasodilatation is complete is between 
30° and 34° C. When the toe and finger temperature responses to cold and 
heat have been obtained, the grade of vascular tone can be determined from 
Table 1. In some highly vasospastic subjects a posterior tibial nerve block 
with 3 ec. of 2% procaine confirms the diagnosis of high-grade vascular spasm. 
In testing normal individuals, one hardly requires a posterior tibial nerve 
block, since the manner in which the finger temperature responds to cold 
and heat will confirm the presence of vasospasm in the toes. Only the vaso- 
spastic individuals normally have cool hands at the start of the cool period; 
this is readily seen in Table 1. In the winter, subjects should be kept in a 
warm room for 30 minutes before starting the test. Typical tests done on a 
normal subject who vasodilated easily (low-grade tone) and on a normal sub- 
ject who was vasospastic (high-grade tone) are seen in Figure 2. 
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;. 2.—Responses during test of subject L.D. with low vascular tone (Group 2) and 
subject P.S. with high vascular tone (Group 6). 


Results. The test has been performed on 172 individuals (including 
119 patients and 53 normals as controls). 


* Westinghouse warming pad (cloth covered) 60 watts, 95-125 volts. 
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Normal Individuals. It was found early that normal subjects 
varied enormously in vasoconstrictor and vasodilator ability. The 
53 normals tested had all grades of vascular tone with the exception of 
the most vasospastic grade (Table 2, Group 7). Normal individuals 
range all the way from those who are so dilated as the result of low 
vascular tone that they cool with difficulty in a cold environment, to 
those individuals who are always cold and respond slowly or not at all 
to reflex heat. The latter group of individuals is so vasoconstricted 
that they appear to behave no differently to reflex heat than patients 
witl severe organic arterial occlusion in the legs. 


TABLE 2.— PERIPHERAL VASCULAR TONE IN 53 NORMALS AND 119 PaTIENTS 


LOW TONE <— - ——- - - — HIGH TONE 

Diagnosis Group: 1 2 k 7 
Normals (controls) : 0 
Acrocyanosis 
Arteriosclerosis 
Causalgia 
Hypotension (postural) 
Hypertension 
Hyperthyroidism 
Hypothyroidism 
Pernio 
Poliomyelitis 
Psychoneuroses 
Raynaud’s disease 
Retinal angiospasm 
Sealenus anticus syn- 

drome 


As the result of our observations we have been able to divide normal 
individuals into 2 main groups on the basis of their vascular tone. 
Those in Groups 1, 2 and 3 have low vascular tone as compared with 
those in Groups 5, 6 and 7, who have high vascular tone and are looked 
upon as being the vasospastic types. Group 4 is an intermediate 
group. ‘Twenty-one of the 50 normals fell into Groups 1, 2 and 3. 
Twenty-eight of the 50 fell into Groups 5 and 6 (vasospastic groups). 
Too few normal subjects have been tested to attach any significance, 
statistically, to the number and percentage in each group. The 
response of male and female subjects during the vascular tone test is 
summarized in Table 3. 

An individual will often prove to be vasospastic despite lack of a 
subjective history of cold hands and feet. 

Patients With Vascular Disease (see Table 2). As might be expected, 
patients with known vasospastic diseases fell into Groups 5, 6 and 7. 
The 3 patients with Raynaud’s disease fell into Groups 5 and 6. 
The 3 patients with acrocyanosis fell into Groups 5 and 6. Six patients 
with scleroderma fell into Groups 5, 6 and 7. Three patients with 
pernio fell into Group 6. Three patients referred by ophthalmologists 
with a diagnosis of retinal angiospasm all fell into Group 6. 

Of the 172 tests done, in only 3 patients was the response such that 
they could not be classified according to Table 1. In these patients 
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there was a disproportion in grade of vascular tone in the hands and 
feet, vascular tone being either much higher in the hands than in the 
feet, or very high in the feet and very low in the hands. One of these 
3 patients had severe arthritic changes in. the lower spine, which 
explained the local vasospasm in the legs. The other 2 patients had 
vasospasm in the hands, which was not true Raynaud’s disease or 
acrocyanosis, and which we termed simple vasospasm of unknown 
etiology, possibly on the basis of a local mechanical or neurologic 
condition. It is conceivable that some patients may have low vascular 
tone in the legs and yet have vasospasm in the hands on the basés of 
a scalenus anticus syndrome, cervical rib, hemiplegia, pneumatic ham- 
mer disease, frost-bite or traumatic arterial spasm. When the response 
in either the hands or feet during the test is such that the patient 
cannot be placed anywhere in Table 1, that individual has a pathologic 
grade of vascular tone such as purely local vasospasm or organic occlu- 
sion in the non-conforming extremities. 

Thrombophlelntis. An unexpected finding was that the great major- 
ity of patients with thrombophlebitis were in the vasospastic groups. 
Sixteen of 17 patients tested had a high grade of vascular tone, falling 
into Groups 5 and 6. The 1 patient in the low vascular tone group 
had much milder symptoms of thrombophlebitis, and when seen a 
year later had recovered spontaneously. All of these tests were done 
in the warmer months. We then obtained from our files the records 
of the cases diagnosed thrombophlebitis seen in the year prior to the 
start of this investigation. Eighteen of the 20 patients seen had a 


history or evidence of cold feet or cold feet and hands. In addition, 
2 patients who had been labeled by us clinically as being vasospastic, 
have since been operated upon and have developed thrombophlebitis. 


SURGERY ON A VASOSPASTIC INDIVIDUAL 


Increased tendency Increased tendency to peripheral 
to clotting vasoconstriction (reduced blood 
ae flow—arterial and venous) 


Venous thrombosis —— Pain 


(thrombophlebitis) 
Fig. 3 


We know that a certain percentage of normal individuals, the vaso- 
spastic normals, when vasoconstricted, cannot vasodilate for hours, 
even with electric pads, during which period blood flow is greatly 
reduced in the extremities. Furthermore, the veins also participate 
in the peripheral vasoconstriction. When a vasospastic individual is 
subjected to the vasoconstrictor, stimuli arising from abdominal and 
pelvic surgical procedures, which include anxiety and pain, plus the 
shortening of blood coagulation time, which occurs for several days 
following surgery, we have an ideal set-up for thrombosis to develop 
in the veins (see Fig. 3). In addition, once thrombophlebitis is 
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initiated, pain may cause further reflex vasoconstriction and further 
venous thrombosis. The knowledge that it is the individual with 
high vascular tone who is most susceptible-to thrombophlebitis may 
answer the question that Evans® asks in a recent paper on thrombo- 
phlebitis: “Why do these epidemics of pulmonary embolism come in _ 
winter time?” The answer well may be that we are all more vaso- 

constricted in the winter, and the vasospastic individuals even more so. 

One of the reasons that phlebitis occurs almost always in the legs 
may be that it is in the lower extremities that vascular tone is greatest. 
Veal and Hussey’? found that operative manipulations within the 
abdominal cavity cause an immediate rise in venous pressure in the 
saphenous vein without affecting the pressure in the antecubital vein. 
Davis, Gilman and Freedberg* found markéd increases in venous 
pressure in the veins of the foot during abdominal operations. 

It is possible that measures directed to prevent vasoconstriction in 
the legs may be of importance in reducing the incidence of postoperative 
thrombophlebitis and pulmonary embolism. These measures would 
include prevention of chilling such as by insufficient blankets or per- 
mitting the patient to be uncovered or in a draft. Prevention or rapid 
relief of shock to prevent peripheral vasoconstriction would be indi- 
cated. The recent introduction of leg exercises has reduced the inci- 
dence of pulmonary embolism considerably (Krebs; Evans‘). This 
type of exercise, by increasing blood flow and producing hyperemia, 
aids in maintaining vessels in a state of vasodilatation. Smith and 
Allen'® found a reduced venous flow in the extremities postoperatively. 
Walters!* has advised the use of thyroid to increase blood flow in the 
extremities postoperatively. Leriche' and also Ochsner and DeBakey™“ 
have popularized paravertebral ganglia block with procaine for acute 
thrombophlebitis. Their rationale for this is that the venous thrombus 
causes reflex arterial and venospasm, which plays a primary rdéle in 
producing the full-blown picture of thrombophlebitis. However, 
knowledge of the fact that the vasospastic individual is the one most 
likely to be thrown into reflex vasospasm, and that he happens also to 
be the one most susceptible to thrombophlebitis, suggests that the 
vasospasm plays a réle not only after the development of the venous 
thrombus, but in bringing it about. By looking upon thrombophlebitis 
as a disease in which the vasospastic state or preliminary abnormal 
vasoconstriction, venous and arterial, plays an important rdéle, our 
concept of it becomes clearer, and prevention placed upon a more 
rational basis. The importance of prevention of thrombophlebitis is 
demonstrated by Gibbon’s’ statistical analysis that of every 100 post- 
operative deaths, 8 are due to pulmonary embolism. 

Thromboangiitis Obliterans. Nine of 32 patients with thrombo- 
angiitis obliterans were in the groups with low vascular tone, 1, 2 and 3. 
Prior to the development of this test for vascular tone, one could only 
have an impression that patients with this disease had or had not vaso- 
spasm. By measuring finger temperature responses to cold and heat, 
we can tell whether these patients are types with high or low vascular 
tone, even though they have severe organic arterial occlusion in both 
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legs, or if both legs have been amputated. The 5 female patients with 
thromboangiitis obliterans were all vasospastic. 

Emotional Influences on Vasoconstriction and Vasodilatation. The 
effect of emotions on vascular responses was often observed during 
the test. ‘Tension produced in a patient, on being told that a posterior 
tibial nerve block was to be done, often caused a drop of 2° to 6° C. 
in toe and finger temperatures as the result of reflex vasoconstriction. 
The drop in temperature was always greater in the upper extremities. 
Conversation concerning subjects which worried the patient would 
cause a drop of several degrees in skin temperature. Vasoconstriction 
in response to emotional stimuli was more prominent among vaso- 
spastic individuals than among those with low-grade vascular tone. 


TABLE 3.—PBERIPHERAL VASCULAR TONE IN 50 NORMALS AND 121 PaTIENTS 


Male Female 

Normals: 

Low tone (Groups 1-3). . . 

High tone (Groups 5-7) 
Patients: 

Low tone (Groups 1-3) 

High tone (Groups 5-7) 


Location of Vasoconstriction and Vasodilatation. A question which 
arises in our measurement of constriction and dilatation is that of its 
location along the vascular tree. Are the vessels that are constricting 
and dilating large arteries, small arteries, arterioles or capillaries? 
By combining oscillometric recordings with the vascular tone test, a 
clue is obtained in some patients. Oscillometric recordings are taken 
at the wrist and ankle. In vasospastic individuals (normals and 
patients) oscillometric readings or pulsations were usually small during 
the cool period. With vasodilatation the pulsations, as recorded by 
the oscillometer, increased markedly in some subjects, but increased ° 
only slightly or not at all in others. The interpretation of this can be 
only that when pulsation does not increase with vasodilatation, the 
increase in blood flow must be accomplished through dilatation of 
vessels that are smaller than can be recorded by the oscillometer. On 
the other hand, with increased pulsation during vasodilatation, the 
increase in blood flow must have been accomplished through dilatation 
of arteries of the caliber of the radial and ulnar, or dorsalis pedis and 
posterior tibial, which are known to record on the oscillometer. In an 
individual whose vasoconstriction and dilatation occurs in vessels 
smaller than the caliber of the wrist and ankle arteries, the oscillometric 
readings will be moderately large and of the same size during vasocon- 
striction and vasodilatation (Fig. 4). In this type of vasospastic 
individual, only a vascular tone test as described will reveal the pres- 
ence of high-grade vasoconstriction. It is interesting to observe that 
a patient with organic arterial occlusion and an adequate collateral 
circulation will have no increase in zero oscillations, even though the 
skin temperature rises to normal during vasodilatation. This is an 
objective demonstration that vessels of a lesser caliber than the major 
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arteries, even though dilated, are not recorded by the oscillometer. 
It must be emphasized that oscillometric recordings alone cannot 
evaluate individual vascular tone. With the vascular tone test, 
however, oscillometric recordings taken during the cool and warm 
periods will, in some subjects, point to the site of vasoconstriction and 
vasodilatation. The importance of these observations lies in the 
demonstration that vasoconstriction and vasodilatation normally may 
take place in arteries of different caliber in different individuals. 

Heat Elimination. As part of the study, the onset and degree of 
sweating and changes in mouth temperature were recorded routinely. 
As the result of difficulty in eliminating heat through vasodilatation, 
vasospastic individuals often sweat earlier, and to a greater degree, 
than those with low-grade vascular tone (see Fig. 2). Mouth tem- 
perature usually rises to a higher level with heat in the vasospastic 
subjects. Vasospastic individuals frequently, but not always, give a 
history of sweating more and having higher mouth temperatures than 
those subjects who eliminate heat readily through vasodilatation. The 
vasospastic individual, as a rule, is more comfortable in warm weather. 
The individual with low vascular tone cannot tolerate hot weather as 
easily as cold. 

Blood Pressure Responses During the Test. Individuals with high 
vascular tone, both normals and patients, had a rise in blood pressure 
during the cool period more frequently than did those with low vascu- 
lar tone. The stimulus produced by exposure to cold for a prolonged 
period on the blood pressure is not of the same order as that produced 
during the cold pressor test where the stimulus is sharp and short, a 
hand being placed in ice-water for 2 minutes. The significance of the 
cold pressor test, at present, is uncertain except that individuals are 
classified as being either hyporeactors or hyperreactors, according to 
the blood pressure rise during the test. 

Seven of 16 patients with hypertension whose vascular tone was 
determined by our method fell into the low tone groups (see Table 2). 
As yet, too few hypertensive subjects have been tested in this manner 
to draw any conclusions. 

Pulse Rate During the Test. During the test the pulse rate rose or 
fell just as frequently in vasospastic subjects as in those with low 
vascular tone. There appears to be no relationship between a change 
in cardiac rate and the ability to vasoconstrict and vasodilate. 

Relation of the Basal Metabolic Rate to Response During the Test. 
Because the metabolism of the individual has an effect on blood flow 
in the extremities, it was felt that the influence of this factor on vascu- 
lar tone, as we grade it, should be investigated. Table 4 summarizes 
the basal metabolic rate in 31 subjects. Although the metabolic rate 
may influence blood flow somewhat, its effect on vascular tone, as we 
determined it individually, appears to be slight. 

The 3 patients with high basal metabolic rates (+17, +34 and 
+43) were markedly vasospastic, 2 of them being in Group 7. In such 
patients the increase in sympathetic tone producing vasoconstriction 
may be greater than the effect of the increased metabolism, which 
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would otherwise tend to produce vasodilatation. Twenty-nine of the 
31 basal metabolic rates were done On subjects with high vascular tone. 
Seventeen of these had normal basal metabolic rates. In 3 of the 
7 patients with high vascular tone and a low basal metabolic rate, the 
figure was only —11. Although vascular tone, per se, does not appear 
to be greatly influenced by the basal metabolic rate, it is possible that 
a low basal metabolic rate in a vasospastic individual will further 
reduce blood flow and be an additional factor in predisposing an indi- 
vidual to postoperative thrombophlebitis. The use of thyroid post- 
operatively to prevent thrombophlebitis, as recommended by Walters, 
certainly appears rational in such a situation. 


TaBLE 4.—BasaL METABOLIC RATE AND VASCULAR TONE IN 6 NORMALS AND 


25 PATIENTS 


Low B.M.R. 


below — 10 
Low vascular tone 


Normal B.M.R. 
—10 to +10 


1 normal 


High B.M.R. 
above +10 


1 patient None 
(Groups 1-4 incl.) 
High vascular tone 


(Groups 5-7 incl.) 


7 patients 
2 normals 


14 patients 
3 normals 


3 patients 


Vascular Tone and Blood Volume. As warm weather approaches, 
peripheral vasodilatation increases in order that body temperature 
willremain normal. Bazett' has found that the blood volume increases 
in the spring to take care of both internal organ needs and also that of 
continued increased peripheral blood flow. In the fall, however, with 
gradual peripheral vasoconstriction as the result of lower environmental 


temperature, the blood volume decreases. Since this is true, it may be 
that vasospastic individuals have lower blood volumes than individuals 
with low vascular tone. 

Reactions of the Pugyil During the Vascular Tone Test. 
this investigation we observed that individuals who fall into the 
vasospastic group usually have strikingly large pupils, particularly the 


Early in 


group with thrombophlebitis. As a result of this observation we made 
routine measurements of the diameter of the pupil during vasocon- 
striction and reflex vasodilatation. The light surface overhead, at 
which the patient’s vision was directed during measurement of the 
pupils, was kept constant at 2.69 millilamberts throughout the test. 
The diameter of the pupil was measured with the pupillometer de- 
scribed by Bourbon.2 Pupils measuring 5 mm. or more were con- 
sidered large under the light conditions of this investigation. During 
vasodilatation the pupils became smaller in most of the patients and 
normals—markedly so in some, less so in others. Langworthy has 
pointed out that the pupil dilates when the vessels of the iris constrict 
and becomes smaller when the vessels fill with blood. We know that 
constriction of the blood-vessels in the iris is brought about through 
increased sympathetic tone, and for this reason we consider the larger 
pupil, in individuals with more than average tendency to peripheral 
vasoconstriction, additional clinical evidence of increased sympathetic 
tone as the cause of increased peripheral tone. A few vasospastic 
individuals had small pupils. In them, increased vascular tone did 
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not appear to be of sympathetic origin. This was true in a few of the 
normal individuals, as well as in 2 of the 3 patients with Raynaud's 
disease whom we have tested. This fits in with the recent concept 
of Lewis and others that the fault in Raynaud’s disease lies primarily) 
in the blood-vessel wall and not in increased sympathetic tone. 

Discussion. ‘This test on normal individuals and patients has given 
us a measuring rod for vascular tone, which permits us to investigate 
problems where it plays a réle. 

It is probable that the behavior of a vasospastic individual with 
peripheral organic arterial disease differs from that of an individual 
with low vascular tone with the same degree of organic arterial disease. 
Clark* has observed the disappearance of arterioles in the rabbit’s ear 
with “lessening of blood flow—persistent maintenance of a com- 
pletely contracted condition.” On the other hand, he found that 
increased blood flow may lead to the formation of numerous arterio- 
venous anastomoses in stable vascular networks. This suggests that 
the rate of development and patency of collateral vessels in patients 
with organic arterial disease may be related to their peripheral vascular 
tone. 

The finding that many normal persons are so vasoconstricted that 
they may be easily confused with patients with peripheral vascular 
disease makes it quite conceivable that occasionally a vasospastic indi- 
vidual will be needlessly sympathectomized. This could occur should 
he complain of symptoms in the extremities on a basis other than 
vascular disease and where the examiner could find no pulses in the 
feet and no rise in toe temperature with an ordinary vasodilatation 
test which measured only the changes in the affected extremities. 
However, this type can be differentiated from patients with organic 
arterial disease by observation of the fact that the hands also partici- 
pate in the vasoconstriction and can disclose the diagnosis of high-grade 
vascular tone. Furthermore, nerve block with procaine will cause 
vasodilatation in the vasospastic individual who fails to respond to 
reflex heat, but not in the patient with organic arterial occlusion. 
It may be asked why nerve block in a vasospastic individual will not 
suffice for determination of vascular tone. A glance at Table 1 dis- 
closes that only the individuals in Groups 6 and 7 are proper subjects 
for this test, as it is only in these 2 groups that the extremities fail to 
respond to reflex heat. None of the individuals in Groups 1, 2, 3, 4 
and 5 could be differentiated by nerve block alone, yet they represent 
tremendous. individual variations in ability to vasoconstrict and 
vasodilate. 

The importance of the part that vasospasm plays in the etiology of 
thrombophlebitis has been disclosed by the test. It is interesting that 
thrombophlebitis is common in the Scandinavian countries, where 
vasoconstriction would be assumed to be the result of a cold climate. 

Various problems are yet to be worked out relating the degree of 
vascular tone to other pathologic conditions. For example, what 
relationship is there, if any, between the degree of vascular tone and 
the ease with which shock develops? Does the individual with low 
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vascular tone have a more or a less efficient mechanism to withstand 
shock? What is the significance of the fact that some hypertensive 
patients fall into the low vascular tone group, whereas others are 
vasospastic? What relationship is there, if any, between the informa- 
tion obtained by this test and that obtained by the cold pressor test? 
Individuals who proved to be hyperreactors with the cold pressor test 
did not show signs of vasospasm during the vascular tone test. The 
complexity of the problem is illustrated by the fact that during the 
cold pressor test (placing a hand in ice-water for 1 minute while 
observing blood pressure responses in the opposite arm) we found little 
or no drop in skin temperature of the toes, even in a hyperreactor. 
Yet telling such a patient that he will be stuck with a needle for a 
posterior tibial nerve block causes a drop of 2° to 6° C. in skin tem- 
perature, which reflects a considerable reduction in blood flow in the 
hand. Furthermore, leaving such a patient in a cool room for 30 to 
60 minutes results in a 10° C. drop in toe and finger temperatures, 
demonstrating that different stimuli have different effects on blood- 
vessels. The vascular tone test offers us a measure for evaluating the 
role that individual vascular tone or ability to vasoconstrict and 
vasodilate may play in a variety of diseases. We are continuing the 
typing of normal individuals and patients with various vascular diseases 
with the hope that the separation of individuals into vascular types 
may help us in the study of the etiology of certain vascular diseases and 
the varying response to therapy in different patients with the same 
disease. 

Summary. A clinical method for the determination of “vascular 
tone”’ in humanis is described. 

Results of vascular tone typing, carried out on 172 individuals, have 
revealed the wide range of vascular tone in normal persons and patients 
and its significant réle in the etiology and course of certain vascular 
diseases and in the selection of appropriate therapy. 

The importance of vasospasm in initiating thrombophlebitis or 
phlebothrombosis has been disclosed by the test. 

This test can indicate whether vasoconstriction and vasodilatation 
in different individuals is taking place in large or small vessels. 

The relation of vascular’ tone to basal metabolic rate, blood volume, 
blood pressure, cardiac rate, heat elimination, emotional stimuli and 
size of the pupil have been studied and discussed. 
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ACUTE THROMBOCYTOPENIC PURPURA IN INFECTIOUS 
MONONUCLEOSIS 


REPORT OF A CASE 
By Putnam C. Lioyp, Masor, M.C., A.U.S. 


NEW YORK, N. Y. 


(From the Second General Hospital.) 


In the past 10 or 15 years many additions have been made to our 
knowledge of infectious mononucleosis, and the protean manifestations 
of this somewhat mysterious disease entity are becoming more and 
more familiar. The occurrence of various hemorrhagic phenomena is 
now recognized as not being extremely unusual, although in earlier 
descriptions of mononucleosis it was stated categorically that purpuric 
and petechial eruptions did not appear. Epistaxis, however, has 
always been a common incident in the course of the disease and as 
-arly as 1895 observers recorded that nosebleeds might be the precursor 
of glandular fever.!| Tidy and Daniel’ reported a school epidemic of 
24 cases of which 8 had one or more epistaxes at various stages of the 
illness. Similarly hematuria has been a fairly common manifestation 
of infectious mononucleosis and in a series of 270 cases collected in 
1921 as many as 6% were found to show urinary bleeding.’ The hema- 
turia, while it may be severe, is not usually associated with casts or 
functional disturbance and rarely if ever is the precursor of acute 
nephritis. Rectal bleeding has also been reported but is seldom a 
prominent feature. 

At present the development of hemorrhagic skin eruptions is recog- 
nized as an episode of moderate frequency and merely constitutes one 
of a great variety of rashes which have been described in this disease. 
Petechial and purpuric hemorrhages may oecur anywhere in the skin 
or mucous membranes, larger ecchymoses may be seen, and in some 
cases a positive tourniquet test may be found—in all these instances 
the blood platelets being normal in number and no other indications 
of a hemorrhagic diathesis being present.' 

The occurrence of a true acute thrombocytopenic purpura in con- 
junction with infectious mononucleosis is, however, exceedingly rare, 
and in fact only a very few unimpeachable cases may be found in the 
literature. Williams? in 1931 described his own experience with 
glandular fever in which he developed a purpuric rash with a positive 
tourniquet test and prolonged bleeding time, but no platelet count was 
done. Minot® in 1956 reported 3 cases in which severe thrombocyto- 
penic purpura was accompanied by lymphocevtosis and some varying 
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degree of lymph node enlargement. In only 1 of these was the hetero- 
phil agglutination test performed, however, and it proved to be nega- 
tive. Downey and McKinlay’ in presenting a group of 9 cases de- 
scribed 2 in which purpuric phenomena appeared, but again no platelet 
counts were made and no gross hemorrhages occurred. On the other 
hand, Cottrell’s group of 12 cases contained 1 in which a platelet count 
of 77,600 was reported but no hemorrhagic manifestations were 
described,? and in another instance a platelet count of 45,000 was 
found in the absence of any evidence of bleeding.’ 

Perhaps the most authentic case of true purpura and mononucleosis 
is that recorded recently by Magner and Brooks® in which hematuria, 
bleeding gums, purpuric eruption, prolonged bleeding time, and esti- 
mated reduction in platelets were combined with lymphocytosis, palp- 
able spleen, moderate enlargement of the inguinal nodes, and a Paul- 
Bunnell test of 1:800, the entire condition clearing up in 6 to 8 weeks. 
Inasmuch as this clinical picture is one of extreme rarity, the addition 
of a similar instance to the list seems warranted and the present case 
is herewith reported: 


Case Report. M. S., age 30, 2d Lt., Chem. Warfare Dept., U. 8. Army, 
Jewish, was admitted to the 2d Gen. Hosp. on Oct. 15, 1942, complaining of 
weakness, fever, and sweats of 3 weeks duration, and red spots appearing on 
tongue and lips in the preceding 3 to 4 days. 

Family History. Several members of his family had hay fever. His 
mother had rheumatism. There was no history of tuberculosis, diabetes, 
cancer, or diseases of the blood. - 

Personal History. He had been a pharmacist’s assistant in civilian life and 
had been in the army 22 months. He thought he had lost about 4 to 5 pounds 
in the past 6 months. He smoked 8 to 10 cigarettes daily and used alcohol 
rarely. 

Past History. His general health had been excellent. He had had no 
serious illness or operations, no allergic reactions, no tendency to bleed or 
bruise easily, and no disease involving the lymph nodes. His cardiorespiratory 
system had been essentially negative. There were no gastro-intestinal symp- 
toms save occasional heartburn and what he called sour, nervous stomach. 
He had never been jaundiced. He had had no symptoms referable to the 
genito-urinary tract and venereal disease was denied. It is of interest to note 
that the patient passed an army insurance examination about 3 weeks before 
admission to the hospital. 

Present Illness. He felt in his usual state of good health until about mid- 
July when after 2 or 3 days of being unusually tired he noticed that his urine 
showed a pinkish discoloration. He did not seek medical advice and after a 
short period of rest the condition cleared up. Thereafter he felt well until 
in early September he experienced gradually increasing fatigue and weakness, 
without localizing symptoms. About the first of October he began to feel 
feverish at times and to have night sweats. Thinking he had a grippy cold 
he stayed in quarters for 3 or 4 days, but his temperature reached 102° F. and 
on Oct. 10, 1942, he was admitted to the 180th Station Hospital where a 
diagnosis of acute bronchitis was made and he was treated with ephedrine 
nose drops and grippe capsules containing aspirin, phenacetin and caffeine. 
At no time did he receive any quinine, sedormid or sulfonamide drugs. 

On the 3rd hospital day he complained of several sore spots in his mouth 
and was found to have numerous hemorrhagic blebs on his tongue and buccal 
mucose and a few petechie scattered over his body. He continued to have 
fever reaching 101° F. daily and was weak and lethargic. More ecchymotic 
spots appeared on his lips, tongue and oral mucosa, he had nosebleeds, and 
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began to pass grossly bloody urine. Two days later he was transferred to this 
hospital for further study. 

On careful questioning into the possibility of exposure to chemicals it was 
discovered that there had been no contact with any of the benzene series or 
with any gases other than those used routinely and in small amounts for train- 
ing purposes several months previously. During the summer there had been 
occasional exposure to the fumes of tetrachlorethane, a non-corrosive decon- 
taminant which is known to be a powerful hepatotoxin but has not been found 
to produce any: significant change in the hematopoietic system. 

Physical Examination. On admission the patient’s temperature was 101° F. 
His color was sallow but he was not obviously anemic, nor was there evidence of 
marked weight loss. He displayed alternately nervous excitement and extreme 
exhaustion. His eyes were negative externally and no hemorrhages were 
made out in the optic fundi. There was dried blood in the nares and the 
nasopharynx showed evidence of marked congestion. The tip of the tongue, 
buccal mucosee, and lips presented numerous eechymotic spots, some measuring 
nearly 1 em. in diameter. The gums were normal. The pharynx was dusky 
red but there was no exudate. 

The right tonsillar node was about 1.5 cm. in diameter. There were numer- 
ous small, shotty post-cervical nodes on either side. One or 2 small nodes 
were palpable in the axille, and the right epitrochlear node was felt. 

The lungs were clear. The heart was normal. Blood pressure 110/70. 
The abdomen was held tense but there was no spasm, and no masses or tender- 
ness were made out. The liver and spleen were not palpable. The inguinal 
nodes were small and not impressive. The genitalia were negative. Scat- 
tered groups of petechize were seen on the lower legs and in the right flank. 
The deep reflexes were somewhat overactive and equal. There was no edema. 

Laboratory Work. (See Table 1.) A Roentgen ray of the chest was nega- 
tive. 

Course. For the first 5 days the temperature showed a daily rise to nearly 
101° F., then subsided. During this time the patient’s condition remained 
essentially unaltered, and gross hematuria persisted. Hemorrhagic spots 
remained in the mouth and a few fresh petechie were noted on legs and trunk 
but there were no further nosebleeds. The patient complained mainly of 
complete exhaustion and drenching sweats were frequent, but at no time was 
there any severe prostration or evidence of collapse. Marked postnasal 
congestion continued to be a troublesome symptom and considerable exudate 
was obtained on nasal irrigation. 

After the 5th day the temperature remained normal and improvement was 
steady thereafter. By November 2 there was no evidence of bleeding of anv 
kind and the purpuric eruption had practically disappeared. The lymph 
nodes showed no further eritargement and the spleen was at no time palpable. 
Convalescence during November and December was marred only by a mild 
acute enterocolitis and later by an upper respiratory infection with abundant 
nasal discharge. Occasional herpetiform lesions appeared in the oral mucosa 
but these were transient, and there was no recurrence of any of the purpurie 
phenomena. 

The patient was discharged symptom-free on Jan. 11, 1943. 


Discussion. Despite the absence of significant lymphadenopathy 
and palpable spleen it is felt that the characteristic lymphocytosis with 
numerous large lymphocytes and atypical mononuclear forms, com- 
bined with a heterophil agglutination of 1:512, establishes the diag- 
nosis of infectious mononucleosis beyond a doubt. The explanation 
of the associated thrombocytopenia on the other hand is a difficult 
problem, because in the absence of anemia, leukopenia and sternal 
marrow changes one can scarcely postulate a depression or dysfunc- 
tion of the bone marrow. Presumably a combination of vascular 
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damage as a result of the acute infection, together with loss of circulat- 
ing platelets at the purpuric sites, is responsible for the widespread 
hemorrhagic phenomena.’® The low platelet count in the circulating 
blood may be an expression of a transient toxic effect exerted peripher- 
ally rather than centrally. 

It is well known that severe infectious mononucleosis may in its 
early stages be indistinguishable from acute lymphatic leukemia, and 
the presence of purpura has long been considered an important diag- 
nostic point in favor of the latter. In the light of the case at hand, 
however, it is obvious that purpuric and hemorrhagic phenomena with 
or without thrombocytopenia cannot constitute a valid distinguishing 
feature between these two conditions. The finding of a well-marked 
anemia, on the other hand, is exceedingly rare in mononucleosis, and 
if such a condition appears without obvious explanation, one may well 
suspect the presence of a leukemic process. ; 

Summary. 1. A case is reported of infectious mononucleosis with 
associated acute thrombocytopenic purpura. 

2. Hemorrhagic skin eruptions, epistaxes, and hematuria are infre- 
quent findings in infectious mononucleosis, but do occur even in the 
absence of thrombocytopenia. 

3. Purpuric phenomena even with marked platelet reduction da not 
necessarily constitute a significant diagnostic point in favor of leukemia. 


REFERENCES 


. BerRnsTEIN, A.: Medicine, 19, 85, 1940. 
. J. E.: Am. J. MeEp. Sct., 173, 472, 1927. 
3. Downey, H., and McKintay, C. A.: Arch. Int. Med., 32, 82, 1923. 
. Lonecorr, W. T.: Am. J. Men. Sctr., 164, 781, 1922. 
. Maaner, W., and Brooks, E. F.: Canad. Med. Assn. J., 47, 35, 1942. 
- Minot, G. R.: Am. J. Men. Sct., 192, 445, 1936. 
. Tipy, H. L., and Dante, E.C.: Lancet, 2, 9, 1923. 
. Troy, H. L.: Lancet, 2, 180, 1934. 
9. Tipy, H. L., and WinitaMs, H. J.: Proc. Roy. Soc. Med., 25, 155, 1931-32. 
. Wuitsy, L. E. H.: Personal communication. 


THE “HEAT RESISTANCE” OF ERYTHROCYTES 


A SPECIFIC TEST FOR THE RECOGNITION OF MARCHIAFAVA’S ANEMIA* 
By Rospert Heaeun, M.D. 


AND 
Conrap M.D. 
ZURICH, SWITZERLAND 


(From the Medical Department of the Medical Faculty of the University of Ziirich) 


MARCHIAFAVA’S anemia is a relatively rare clinical entity. Its 
symptomatology consists chiefly of nocturnal hemoglobinuria, constant 
hemosiderinuria, pseudomacrocytic anemia with a strong tendency to 
regeneration of the bone marrow, increased reticulocyte count in the 
peripheral blood, and leukopenia. In making the differential diagnosis, 
other forms of hemolytic anemia and hemoglobinuria must be con- 


* Translated by Morris Kramer, B.A., M.D. 
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idered. As the latter symptom at times retreats almost completely 
into the background, a lack of nocturnal excretion of hemoglobin does 
not automatically exclude the disease. 

The osmotic resistance test of the erythrocytes allows the demonstra- 
tion of the presence of spherocytes, and has therefore taken on particu- 
lar importance in the diagnosis of the constitutional form of hemolytic 
anemia or hemolytic jaundice. For the diagnosis of Marchiafava’s 
anemia, however, this test is useless, as the fragility of the red cells 
is not increased. This disease, as the investigations of Ham'* and 
Hegglin and Maier*> have shown, is due to the action of a hemolysin 
whose amboceptor is always present in the erythrocytes. In the 
presence of complement hemolysis takes place. The degree of hem- 
olysis increases as the temperature of the blood rises, and as the pH 
of the blood falls. 

While it is technically rather awkward to test the acid-base balance 
of the blood, it is on the contrary quite easy to determine the resistance 
of the red blood cells to increased temperature. The test consists of 
putting a test tube containing about 5 cc. of blood obtained by means 
of a dry-air sterilized syringe into the incubator for 6 to 24 hours at a 
temperature of 37°C. The degree of hemolysis can then be observed 
with the naked eye. 

A quantitative determination of the degree of hemolysis, 2. e., the 
hemoglobin content of the serum, is from a practical standpoint 
unnecessary. After making the above test in numerous cases of anemia 

have, nevertheless, determined the hemolysis according to the 
method of Wu Hsien.* 


The results are as follows: 
Serum hemoglobin values at 37° C. 


Age After 6 hours After 24 hours 
Name (yrs.) Diagnosis (mg. per 100 ml.) (mg. per 100 ml.) 
B. H. 28 Marchiafava’s anemia 675 1357 
S.F. 44 Marchiafava’s anemia 570 592 


G.R. 64 Acquired (?) hemolytic anemia 23 

G. A. 39 Constitutional form of hemo- 180 
lytic anemia (jaundice) 

G.L. 27 Constitutional form of hemo- 3: 51 
lytic anemia (jaundice) 

H.A. 35 Probably acquired form of 13 
hemolytic anemia 


Paroxysmal hemoglobinuria 
after exposure to cold 


P.E. Toxic hemolysis (pyrogallic 96 142 
acid) 
50 normal cases Hemolysis not increased 
7 cases of secondary anemia Hemolysis not increased 


12 cases of pernicious anemia Hemolysis not increased 


In Case 7 (paroxysmal hemoglobinuria brought about by exposure 
to cold), an increase in hemolysis could be observed if immediately 
after venous puncture the blood was first placed in a refrigerator for 


30 minutes, and then brought into the incubator (Donath-Landsteiner). 
vou. 207, no. 5—mary, 1944 23 
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In Case 8 (toxic hemolysis through external application of pyrogallic 
acid), distinct hemolysis was already evident on taking the blood out 
of the vein. This, however, did not increase on being further warmed 
in the incubator. 

In pernicious anemia, if the blood remains in the incubator for 
48 hours at 37° C., one may at times observe a slight hemolysis. How- 
ever, this never attains a value over 150 mg. per ml. 

It is evident from the above table that the blood in Marchiafava’s 
anemia tends to hemolyse on application of warmth. It should also 
be mentioned that the hemolysis increases greatly when the blood is 
shaken from time to time while in the incubator. From the incidental 
degree of hemolysis in vitro, however, it is impossible to draw conclu- 
sions regarding the possible phase or stage of the disease. 

Summary. The concept of the “heat resistance’ of erythrocytes is 
herewith presented. If hemolysis of clotted blood in vitro is evident 
to the naked eye after 6 hours at 37° C., it appears to be pathogno- 
monic, specific evidence of the presence of Marchiafava’s anemia. 
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HOMOLOGOUS SERUM JAUNDICE* 
A REVIEW OF THE LITERATURE AND REPORT OF A CASE 
By Lieut. Jonn R. Neere, M.C., A.U.S. 


T. Grier M.D. 
AND 


Francis W. Cuoornock, Px.D. 


HOSPITAL OF THE UNIV. OF PENNA. 
PHILADELPHIA, PA. 


(From the Gastro-Intestinal Section [Kinsey-Thomas Foundation] of the Medical Clinic) 


A POSSIBLE hazard involved in the clinical use of biologic prepara- 
tions containing homologous blood products is suggested by the recent 
reports of cases of jaundice following their parenteral administration. 
The importance of this problem is well illustrated by the 1942 out- 
break of hepatocellular jaundice in the United States Army. This 
outbreak was observed to follow by a more or less fixed time interval 
the parenteral injection of certain lots of yellow fever vaccine, and 
although the exact etiology has not yet been determined, it seems to 
have been related to the human serum component of that vaccine. 

* This investigation was aided in part by the Commission on Measles and Mumps, 


Board for the Investigation and Control of Influenza and Other Epidemic Diseases in the 
Army, Preventive Medicine Service, Office of The Surgeon-General, A. U. 8. 
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However, in large bodies of men living in crowded or otherwise abnor- 
mal conditions, it is difficult to exclude the possibility of transmission 
hy some other means, and for this reason, the study of an isolated 
case in civil life may be of value in the further analysis of this problem. 
We have been led, therefore, to report the case of a physician who 
developed severe and prolonged hepatocellular jaundice 11 weeks after 
the intravenous injection of a pooled mumps convalescent plasma. 

Review of Literature. Incidence. The important data on the major 
outbreaks of jaundice that have been reported as occurring in relation 
to the administration of biologic products containing homologous blood 
factors are tabulated below. One notes that the disease has been asso- 
ciated with the use of glycerinated humanized smallpox lymph,'* yellow 
fever vaccine,*:**-!3 measles convalescent serum,” pooled mumps con- 
valescent serum,”! whole blood transfusions," pooled and dried recon- 
stituted human adult serum,” and pappataci fever vaccine.2” Anal- 
ogous cases have been reported after immunizing procedures involving 
the use of homologous sera in horses.*:?9 

Etiology. Since the other components of the biologic products have 
seemed to be eliminated as factors in the production of the disease pro- 
cess, the injected blood, plasma or serum naturally has been suspected 
of carrying the icterogenic agent. Indeed, that human blood and 
some of its derivatives may contain a transmissible icterogenic agent 
has been demonstrated by Oliphant and his associates,» who were able 
to transmit the disease to human volunteers by the subcutaneous injec- 
tion of serum obtained from patients in the preicteric or icteric stages 
of postyellow fever inoculation jaundice. Cameron? and Voegt*! also 
have succeeded in producing jaundice in volunteers by subcutaneous or 
intramuscular injection of serum or blood from patients with infective 
hepatitis. Findlay and Martin," by introducing the nasal washings of 
patients with postyellow fever inoculation jaundice into the naso- 
pharynx of volunteers and observing the subsequent occurrence of 
jaundice in a significant number, demonstrated that the agent may be 
present in the nasopharynx. All attempts to transmit the disease to 
animals have thus far been unsuccessful.?5 

Extensive studies of these icterogenic blood products, however, have 
failed to reveal the exact nature of the causative agent; and yet certain 
properties, including its transmissibility in serum, its lack of visibility 
under the microscope, its passage through bacteria-retaining filters, 
its persistence in serum-chick embryo media and its resistance to 
various procedures which ordinarily kill vegetative bacteria have led 
to the belief that it may be a virus. At present, this concept cannot 
be denied or confirmed. 

The clinical and pathologic pictures of this disease and those of 
infective hepatitis* are so similar that some feel they are identical and 
due to the same causative agent. Others, however, believe that 
different etiologic agents are concerned. The various opinions are 
summarized in a recent Lancet editorial’? which suggests three possibili- 


* The term infective hepatitis, as used here, is synonymous with catarrhal jaundice, 
nfectious hepatic jaundice and epidemic jaundice or hepatitis. 
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ties, namely, that the two diseases are caused by: (1) the same virus, 
(2) different strains of the same virus, or (3) different agents producing 
the same clinical picture. 

In support of the proposition that the infective hepatitis virus is at 
least one of the causes of serum jaundice is the recent report of Cam- 
eron? concerning the development of jaundice in volunteers inoculated 
with blood or serum from patients with infective hepatitis. His cases 
represented serum jaundice in which the icterogenic agent was almost 
certainly that of infective hepatitis, and, furthermore, the interval 
between the inoculation and the onset of the disease was as long as 
6 months, suggesting that the difference in the length of the incubation 
period of the two diseases does not necessarily indicate different etio- 
logic agents. Against the hypothesis of the infective hepatitis virus as 
the only cause of serum jaundice is the apparent absence of contact 
infection. This was observed as a striking feature of the United States 
Army outbreak related to yellow fever vaccine.* 

As in other diseases, individual susceptibility or predisposition 
appears to play an important réle. Some investigators*:* are of the 
opinion that manifestations of the disease may occur only after some 
other factor has rendered the individual susceptible. Cameron? feels 
that the onset may be delayed until general resistance is lowered, for 
example, by conditions (fatigue, malnutrition, exposure, etc.) such as 
occur among the men of an army in the field. Thus his volunteers 
did not develop jaundice until they had spent some time on active 
field service. 

Pathologic Anatomy. Dible and his associates® have studied the 
hepatic pathologic changes in 56 cases of non-fatal acute hepatitis, 
the specimens being obtained by aspiration biopsy. The group was 
composed of 14 cases of epidemic hepatitis, 5 cases of jaundice following 
the injection of mumps convalescent serum (American Red Cross 
Harvard Unit group), 2 cases of jaundice following the transfusion of 
serum and 35 cases of arsenotherapy jaundice. A hepatic inflamma- 
tion of varying intensity and distribution was common to all and, 
regardless of the etiology, one type of case could not be differentiated 
from another by histologic criteria. The essential changes consisted 
of hepatic cell necrosis and autolysis, associated with leukocytic and 
histiocytic infiltration. The centers of the lobules showed the first of 
these changes té the most marked degree, and the portal tracts the 
greatest cellular infiltration. In cases mild from the beginning, or in 
which the lesion was retrogressing, the periportal cell accumulations 
predominated, in contradistinction to the more severe cases in which 
hepatic cell degeneration was more pronounced and the leukocytic 
and histiocytic infiltration more widespread. Some cases exhibited 
nodular hyperplasia and cirrhotic changes. As arule, diffuse hepatitis 
was found to heal completely and rapidly, though in cases running a 
longer course, residual fibrosis persisted in the portal zones even after 
apparent clinical cure. The mechanism of the production of icterus 
was thought to be due to the disruption of the liver-cell columns and 
their intercellular bile canaliculi, the functional inadequacy of the 
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damaged cells and the plugging of the canaliculi with bile thrombi. 
There was no evidence of bile stasis in the interlobular branches of the 
bile ducts, further confirming the intralobular nature of any obstruc- 
tion to the outflow of bile that existed. 

The main hepatic changes in the fatal cases of jaundice following 
yellow fever vaccination in the United States Army were those of 
acute or subacute yellow or red atrophy.* The investigators of the 
cases that occurred in Brazil'* reported similar observations, occasion- 
ally finding, however, the changes of infective biliary cirrhosis. Other 
abnormalities in the United States Army cases included marked edema 
and intense inflammation of the gastro-intestinal tract, usually most 
pronounced in the cecum, bile nephrosis, acute or subacute splenic 
tumor and hemorrhages in various locations. 

Clinical Features.*9:'8.21.25 The incubation period or interval between 
the injection of the suspected product and the development of jaundice 
is regarded as one of the most important distinguishing features of this 
disease and is usually quite long, varying from 2 to 32 weeks, the 
average being 8 to 12 weeks. The onset may be asymptomatic or 
with a “grippe-like” syndrome similar to that of infective hepatitis. 
During the preicteric period, polymorphic rashes, urticaria and joint 
pains are common and have been emphasized by some as especially 
characteristic of this type of hepatitis. Abdominal pain may be pres- 
ent and occasionally may simulate closely that of acute appendicitis. 
Anorexia, nausea and vomiting are frequent and either diarrhea or 
constipation may be present. The temperature is often normal or 
only slightly elevated. Jaundice gradually appears in most cases and 
the course thereafter is similar to that of infective hepatitis. Worthy 
of mention is the fact that some authorities are convinced that the 
disease may occur without icterus. Severe cases, such as occurred 
in one outbreak in England due to measles serum, may exhibit irri- 
tability, restlessness, intractability, delirium, screaming, extensor 
plantar reflexes, hematemesis and bloody stools. Pruritus may be 
severe and may occur in the preicteric period. 

The physical observations are also similar to those of infective 
hepatitis. Dehydration is often marked. The liver may be enlarged 
and tender, but in the less severe cases is often not palpable. The 
spleen is often palpable during some stage of the illness. 

Laboratory Observations.**:1.5 If the disease is severe or of long 
duration, anemia may occur. The leukocyte count is usually normal, 
though leukopenia is not uncommon. The differential count occasion- 
ally reveals an increase in monocytes. Greenblatt and Kaplan" 
recently reported the presence of an unusually high percentage of 
“target cells,’ a variant of red blood corpuscles, in the circulating 
blood of 22 patients with postyellow fever inoculation jaundice. 
They are characterized by a small central mass of hemoglobin sur-. 
rounded by a clear area, which in turn is circumscribed by an additional 
ring of hemoglobin; such cells are said to be more resistant than normal 
to hemolysis by hypotonic saline solution. They, however, are also 
found in other conditions and thus are not specific for serum jaundice. 
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The urine usually contains bilirubin and urobilinogen, and bile salts 
may be present. The stools may be acholic for variable periods. The 
serum bilirubin and icterus index are of course elevated. Liver func- 
tion tests show varying degrees of disturbance of hepatic function. 
The histamine test may be positive in the preicteric period.’ 

Prognosis. Recovery in 4 to 8 weeks was the rule in the United 
States Army cases* and, in most instances, was complete. In a few, 
persistent liver damage apparently resulted. The mortality was ap- 
proximately 0.2%. The highest mortality reported was in one of the 
civilian groups in England ascribed to measles serum, 8 deaths occur- 
ring among 37 cases.” 

Prophylaxis. The only prophylactic measure thus far recommended 
has been the rejection of potential blood donors who give a history of 
recent non-surgical jaundice." It would also seem advisable to 
report all cases of serum jaundice to an appropriate authority so that 
the cause may be investigated and further therapeutic use of the 
suspected product prevented. 


Case Report. A male physician, 43 years of age, developed, in August 1942, 
an attack of jaundice that persisted in an intense form for more than 3 months. 
The initial diagnosis was infective hepatitis, and not until the severity of the 
process necessitated a complete revaluation of the case was the significance of 
the preceding history fully appreciated. 

History. The past medical history contained one important item, a 3 weeks 
illness in 1933 characterized by fever as high as 102° F., marked jaundice 
and some hepatic enlargement. It was regarded as a typical case of catarrhal 
jaundice (“infective hepatitis”). He was then in good health until June 1942, 
when he contracted mumps from one of his children. During this illness he 
developed considerable anorexia, nausea, epigastric discomfort and tenderness, 
suggesting the possibility of a complicating pancreatitis, and 200 ml. of pooled 
mumps human convalescent plasma were therefore administered intraven- 
ously. He recovered promptly and was again in good health until mid- 
August 1942, when after 2 to 3 days of vague epigastric discomfort scleral 
icterus was first noted (approximately 11 weeks after the injection of the 
plasma). The intensity of the jaundice progressively increased, and on the 
40th day of his illness, because of anorexia, dehydration, weight loss and 
general discomfort, he was admitted to the University Hospital for more 
vigorous treatment and study. 

The jaundice reached its maximum on the 43rd day. Anorexia was marked, 
pruritus severe, mental depression constant, and he had lost 30 pounds in 
weight. Symptomatic and objective improvement then began and, except 
for a temporary relapse between the 52nd and 63rd days, was progressive. 
Visible jaundice persisted, however, until between the 90th and 117th days, 
during which interval he was not under observation. His pruritus also dis- 
appeared during that period and he regained his normal weight level. Sub- 
sequently he was permitted gradually to resume his normal activities and he 
has since been in good health. 

Physical Observations. When first seen, early in the disease, physical 
examination was entirely negative except for the obvious jaundice. The liver, 
however, soon became palpable and slightly tender and during the mid-stage 
of the disease, its edge was palpable as far down as the level of the umbilicus 
(6 em. below the costal margin). Though more firm than normal, it then 
became gradually smaller but was still vaguely palpable on the 117th day. 
Between the 32nd and 34th days the spleen was just palpable, but was never 
felt thereafter. The skin was exceedingly dry and the site of numerous 
excoriations until the late phase of the illness; it then gradually assumed a 
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more normal character and the excoriations healed rapidly. Bradycardia 
was a constant feature, and the temperature was never elevated. 

Special Examinations and Studies. Blood studies showed nothing unusual 
except a gradual drop in the hemoglobin level to 10.1 gm. (52nd day). Leuko- 
cyte and differential counts were not abnormal. 

The urine was deeply colored from the onset, and the first examination 
revealed urobilin, bilirubin and bile salts. The latter disappeared (Hay’s and 
Oliver’s tests) about the 50th day, though the serum bilirubin 2 days later 
was 22 mg. per 100 ml. of blood. Bilirubinuria was not demonstrable after 
the 85th day (serum bilirubin, 6.4 mg. per 100 ml.). Routine urinalyses were 
otherwise consistently negative. During the mid-stage of the disease, a urea 
clearance test showed no significant abnormality of renal function. The blood 
urea nitrogen values were always normal. 
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Cuart 1.—Measurable intake and output of fluid during 44th to 78th day of the 
disease. Previously an oliguria had been present. Arrows indicate days on which output 
equaled or exceeded intake; abscissee, days of disease. 


The stools were light in color or truly acholic from the onset of the jaundice 
until the 46th day, after which the bile content steadily increased. 

A disturbance of water balance was observed. During the early stage of 
the disease, quantitative measurement of the intake and output of fluids was 
not possible, but the patient stated that a very definite oliguria occurred. By 
the time the jaundice had reached its height (43rd day), however, a pro- 
nounced diuretic tendency was noted (Chart 1), and this persisted until the 
time of the patient’s discharge from the hospital (83rd day). 

The serum bilirubin level, as determined by the method of Malloy and 
Evelyn,'® rose progressively until the 43rd day, when a value of 41.6 mg. per 
100 ml. was obtained (Chart 2). The level then gradually dropped to 22 mg. 
(52nd day). At that time a temporary relapse occurred, with an aggravation 
of all the symptoms, and the serum bilirubin persisted at about 22 mg. until 
the 64th day, after which it again gradually fell. On the 117th day, the level 
was still slightly elevated (1.9 mg.). When again checked 3 months later, its 
concentration was normal. 
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Studies of the blood cholesterol and its ester fraction (Chart 2) yielded 
results compatible with those usually found in hepatocellular jaundice. The 
concentration of the total cholesterol wag low normal during the early stage 
of the disease, while that of its ester fraction was below normal. Both gradu- 
ally inereased with the fall in the serum bilirubin level and general clinical 
improvement, the value of the total actually rising to high normal toward 
the termination of the disease. The last ester fraction value shown on the 
chart, which is low, is unexplained, but may have been due to a technical error 
since the concentration was normal when checked a few weeks later. 
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CuaArtT 2.--Data on the serum bilirubin, cholesterol and protein concentration in the 
blood serum and on the results of the hippuric acid excretion tests. Abscissee indicate 
days of disease. 


Serum protein studies (Chart 2) were frequently made and the total protein 
values were not unusual. Likewise, the serum albumin values, except for a 
surprisingly high concentration (6.1 gm. per 100 ml.) on the 12th day of 
jaundice when the initial determination was made, were not unusual, the level 
gradually falling to a minimum of 3.9 gm. per 100 ml. during the mid-stage of 
the disease. The globulin level, however, in spite of the duration and severity 
f the illness, was usually low or low normal, the average of 12 determinations 
eing 1.7 gm. per 100 ml., with 6 determinations below this level. 
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Hippuric acid tests of liver function (intravenous) were done on three occa- 
sions (Chart 2). The first, on the 28th day, revealed a marked impairment of 
this function, practically no hippuric acid being excreted during the Ist hour. 
The result obtained may have been abnormally low because the volume of 
urine excreted was small. However, even when the 2nd hour excretion was 
added to the Ist, the total was much less than that normally eliminated in 
1 hour. Related to this first examination was an intense and prolonged flush, 
most disagreeable to the patient, following the injection of the sodium ben- 
zoate. This reaction was much less intense with the second test, when the 
liver function had improved, and was entirely absent with the third, when the 
test indicated normal function. 

The prothrombin level on the 13th day was 65% of normal, and on the 
65th day, after a period of oral vitamin K and bile salts administration, 100%. 

A test for serum phosphatase (alkaline) revealed a value of 12 Shinowara 
units (top normal 8.6) on the 15th day. Subsequent determinations gave 
results within the normal range. 

Duodenal drainage on the 10th day produced specimens containing only 
traces of bile. Microscopic examination showed innumerable mononuclear 
cells of an unusual type. The pathologist regarded them as plasma cells. 

The blood vitamin C level was 0.38 mg. per 100 ml. on the 43rd day (normal 
0.4 to 1 mg.). Five days after the daily oral administration of 500 mg. of 
ascorbic acid, the level was 1 mg. per 100 ml., indicating that the absorption of 
this vitamin was not significantly impaired. 

Dark-field examinations of the blood and urine for Leptospira icterohemor- 
rhagiz were negative, as were the agglutination and complement-fixation tests 
for antibodies produced by this organism. 

A yellow fever virus neutralization test on the serum was carried out through 
the courtesy of Dr. Max Theiler, of the Laboratories of the International 
Health Division, Rockefeller Foundation, and no antibodies against the yellow 
fever virus were found. 

Roentgenologic examination of the upper gastro-intestinal tract early in the 
disease revealed only delayed motility through the small intestine. 

One month after the disappearance of the jaundice, all of the above tests 
pertaining to liver function, including a bromsulphalein test, yielded normal 
results. A cholecystogram has since been done and showed a normally func- 
tioning gall bladder without evidence of stones. 

Samples of the preicteric blood of our patient and of the suspected mumps 
convalescent plasma fortunately are available and have been turned over to 
appropriate authorities for investigations with reference to the etiologic agent. 
Injection of these materials into horses failed to reveal any evidence of an 
agent icterogenic for this animal.* 

Treatment. Therapy varied with the course of the disease. A low-fat, high- 
protein, high-carbohydrate diet, supplemented by multiple vitamins, was 
administered to the point of tolerance. Vitamin K and bile salts were given 
orally. The use of barbiturate sedatives was discontinued after the adminis- 
tration of 0.2 gm. of pentobarbital had resulted in a period of somnolence 
lasting over 24 hours. A mixture of chloral hydrate and sodium bromide 
was found to be the most satisfactory sedative for this.patient. From the 
43rd to the 65th day, in spite of what was regarded as an adequate fluid intake 
by mouth and chiefly because of its reported value in liver disease, an intra- 
venous glucose solution was administered daily, and during the early part of 
that period, marked improvement, as indicated by a fall in the level of serum 
bilirubin, occurred. A temporary relapse between the 52nd and the 63rd days 
led to the use of choline chloride, 1.5 gm. daily by mouth, and whether initiated 
by this drug or not, progressive improvement was promptly resumed. 


* This work was carried out by Major T. C. Jones, V.C., and Captain Fred D. Maurer, 
V.C., at the Veterinary Research Laboratory, Army Remount Depot, Front Royal, Va., 
through the courtesy of Brigadier General Raymond A. Kelser. 
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Discussion. ‘The differential diagnosis in this case involved the usual 
question of ordinary catarrhal jaundice (infective hepatitis) versus 
homologous serum jaundice. The fact that the patient had suffered 
a typical attack of catarrhal jaundice 10 years prior to the recent illness 
is worthy of note in relation to this problem. A survey of the medical 
textbooks and recent literature suggests that the occurrence of two 
separate attacks (not relapses) of infective hepatitis in the same indi- 
vidual is probably uncommon, although Ford” records several instances 
and Lucké!’ has encountered a number of such cases. Cameron, how- 
ever, states that in Palestine, where the disease is endemic, most 
authorities agree that one attack confers a permanent type of immunity 
and that second attacks are unusual. Furthermore, in our patient, 
the two illnesses were clinically somewhat different. The first began 
with the typical “ grippe-like” prodrome and was associated with fever 
ranging as high as 102° F. In the second, icterus was the first sig- 
nificant manifestation, no prodromal symptoms having occurred, and 
fever was conspicuously absent throughout the course of the disease. 

On the basis of these differences in clinical picture, the history of an 
injection of pooled mumps convalescent plasma 11 weeks prior to the 
onset and the absence of any other satisfactory explanation, the diag- 
nosis of homologous serum jaundice seems justified in this case. 

The mumps convalescent plasma was obtained from a group of 
13 white soldiers, who were convalescing from mumps at one of the 
army camps in this country. These men were bled in April 1942, and 
the plasma was pooled and frozen. An attempt has been made to 
trace these donors, for knowledge of the previous or subsequent occur- 
rence of jaundice in any of them would tend to confirm the diagnosis 
in our case. Unfortunately, by the time this study was initiated, all 
but 1 had been transferred to distant theaters and reliable information 
regarding their medical histories and vaccination records could not be 
obtained. It was learned, however, that none of the donors had visible 
jaundice at the time when the blood was drawn. The vaccination 
records would have been of interest because of the high incidence of 
jaundice in the United States Army at that time related to the use of 
certain lots of yellow fever vaccine. It is theoretically possible that 
one or more of the donors had received one of these icterogenic lots 
and that the agent was then transmitted through him to our patient. 
Lacking confirmatory information, the above conception is merely an 
intriguing hypothesis. Accordingly, this case probably should be 
regarded, for the time being, as belonging to the group of cases that 
have been reported as following the use of mumps convalescent serum. 
In this connection, the fact that the disease has occurred in patients 
given this type of serum prophylactically indicates that a preceding 
mumps infection is not necessary for the subsequent development of 
jaundice. 

In view of the data in the literature on water balance in hepatic 
disorders, it is interesting that in our patient, during a certain stage 
of the disease, the urinary output, in comparison with the intake of 
fluid, was high. 
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Molitor and Pick” were among the first to show that water b 
mouth in the Eck fistula dog resulted in a greater blood dilution and a 
more prompt diuresis than in the normal. A greater total urinary 
excretion was also noted. These observations have been confirmed by 
others and this led Crandall.and Roberts® to suggest that the increased 
water exchange is due to a suppression of liver function. Steigmann 
et al.,?® on the other hand, noting the occurrence of oliguria during the 
acute stage of hepatic disease, believe that liver damage results in 
water retention by the tissues and that diuresis is a secondary manifes- 
tation indicative of beginning recovery. In our patient, an initial 
water retention occurred, as manifested by oliguria in spite of an 
adequate fluid intake; this was followed by a diuresis lasting through- 
out the period of hospitalization (40 days). The early water retention 
is in accord with the explanation of Steigmann and his group. The 
period of diuresis, which occurred without relation to intravenous 
glucose administration, was, however, much too prolonged to represent 
merely the excretion of retained tissue fluid and, in this case, could 
hardly be regarded as a favorable prognostic sign. 

Diuresis, therefore, no matter how it may eventually be interpreted 
or explained, seems to be a manifestation of a certain stage of hepato- 
cellular disease, and may possibly be related to prolonged suppression 
of liver function. 

A review of the recent literature®.'*.2°.%4.26.30 pertaining to the frac- 
tionation of serum proteins in jaundice suggests that the tendency to 
low-globulin levels, as found in this case, is unusual. Tumen and 
Bockus*® did note the occurrence of low-globulin levels in some cases 
of acute hepatocellular damage, but no mention was made of this 
observation in cases of prolonged jaundice. Future cases of serum 
jaundice, therefore, should probably be studied in this respect in order 
to determine if this tendency is characteristic of the disease. 

The level of serum bilirubin varied inversely and the total cholesterol 
and cholesterol esters directly with the clinical condition of the patient. 
This association has been previously observed.! 

Pruritus ceased about the 90th day, 40 days after the disappearance 
of bile salts from the urine, as determined by the methods of Hay and 
Oliver, but only 5 days after the cessation of bilirubinuria. One 
wonders about the significance of this relationship in reference to the 
etiology of pruritus, realizing that the methods used for the detection 
of bile salts in the urine are not entirely reliable. 

The institution of daily intravenous glucose therapy was followed 
by a decrease in the level of serum bilirubin, an interruption in the 
steady loss of weight, and a slight increase in the total serum protein. 
While this improvement may have been incidental, the observations 
at least suggest that this form of therapy may have been beneficial. 

Administration of a homologous blood product probably has been 
frequently overlooked as an explanation of some cases of obscure 
jaundice. The duration of the interval between the injection and the 
resultant jaundice, which is months rather than weeks, doubtless has 
accounted for the failure to associate the cause and its effect. In an 
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attempt to find such a relationship, we have found among our records 
2 additional cases in point. One occurred in a syphilitic colored woman 
of 38 years, who developed an afebrile attack of jaundice, with hepato- 
megaly, that lasted 4 weeks. Her history revealed the administration 
of 3 blood transfusions for anemia that developed during malarial 
fever therapy, these having been given 6 to 7 weeks before the onset 
of jaundice. This patient had also received blood from 2 different 
malarial blood donors 3 to 4 months before the development of hepat- 
itis, which brings up the possibility of the transfer of an icterogenic 
agent with therapeutic malarial blood inoculations. The other patient, 
a 22 year old white woman, had been given 4 blood transfusions for 
anemia, and 82 days later developed jaundice, hepatomegaly, and slight 
fever. Beeson! and others have regarded similar cases as due to an 
agent in the injected blood. At present, however, such a case can be 
differentiated from infective hepatitis only by the interval of 1 to 
3 months that usually elapses between the injection and the onset of 
jaundice. 

Summary. 1. A case of severe and prolonged hepatocellular jaun- 
dice that followed the injection of pooled mumps convalescent plasma 
is reported and represents a typical example of a problem that occa- 
sionally may be encountered as a result of the increasing use of human 
blood and its derivatives in modern therapeutics. The question of 
similar hepatocellular jaundice without administration of homologous 
blood has not been considered in this report. 

2. The features of homologous serum jaundice as reported in the 


literature are reviewed. 
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BLOOD STUDIES IN ALLERGY 


Il. THE PRESENCE IN ALLERGIC DISEASE OF ATYPICAL LYMPHO- 
CYTES AND SYMPTOMS SUGGESTING THE RECOVERY 
PHASE OF INFECTIOUS MONONUCLEOSIS* 


By Turron G. Ranpowpu, M.D. 
AND 


ELIZABETH BARBER GIBSON 
ANN ARBOR, MICH. 


(From the Allergy Clinic, Department of Internal Medicine, University 
of Michigan Medical School.) 


In performing differential white cell counts in patients with allergic 
disease, one of us (E.B.G.) noted the frequent occurrence of large 
mononuclear cells indistinguishable from the atypical lymphocytes 
seen in infectious mononucleosis. The number of such cells was com- 
parable to the blood findings in the subsiding phase of infectious mono- 
nucleosis, but distinctly less than that observed in the active stage of 
this disease. 

We then observed that several patients under study for allergic 
disorders had previously been suspected of having infectious mono- 
nucleosis. The finding of atypical lymphocytes had aroused this 
suspicion in the majority of instances. In others, the general symptoms 
of debility or the presence of a cervical adenopathy had suggested the 
diagnosis. It is of interest that both allergic disease and infectious 
mononucleosis commonly occur during early adult life in patients 
otherwise in the best of health. 

Weakness, lassitude, headache, or general malaise are often the out- 
standing symptoms in infectious mononucleosis. Not infrequently 
the weakness and related symptoms may persist for many months 
following the acute stage of the disease. Although these symptoms 
are well recognized as part of the clinical picture of infectious mono- 
nucleosis, their presence in clinical allergy has not been sufficiently 
emphasized. Rowe™- in 1929 described “allergic toxemia” resulting 


from long-standing food allergy. According to him, ‘This toxemia . 


produces drowsiness, mental confusion, slowness of thought, diffi- 
culty in remembering and concentrating, lack of initiative and ambi- 


* This study was financed in part by the Parke, Davis Company. 
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tion, irritability, despondency, fatigue, weakness, bodily aching, anda 
feeling of “being poisoned’.’”’ He found these symptoms more fre- 
quently in women than in men and noted their prompt disappearance 
after dietary management. Vaughan’ mentioned the “droopy, loggy, 
no ‘count feeling” resulting from the ingestion of an allergenic food. 
Similar symptoms in patients with food allergy manifestations have 
been observed by others.?-” 

The present study deals with a series of 24 allergy patients having 
fatigue or weakness as a major complaint. The fatigue in these cases 
was unrelieved by rest, even though more than an average amount of 
sleep was obtained nightly. Some patients complained of being more 
tired in the morning than when they had gone to bed in spite of receiv- 
ing 10 to 12 hours of sleep. The characteristic drowsiness and inertia 
were particularly troublesome during the first few morning hours, but 
sometimes persisted throughout the day and not uncommonly were 
present daily for weeks or months. In some cases, drowsiness to the 
point of sleepiness was more prominent | to 2 hours after a meal con- 
taining allergenic foods. Certain students, at the time of allergic 
symptoms, found it difficult to remain interested and attentive during 
the school day, and during the evening were overcome by a compelling 
sense of fatigue and sleepiness. “Fuzzy thinking” and the inability 
to concentrate and to remember details proved a distinct handicap in 
certain instances. Some patients complained of being “dragged out”’ 
and lethargic to a degree that it required a distinct effort to carry out 
their ordinary daily routine. Others had generalized aching, apparently 
similar to the deep aching sensation associated with the rapidly drop- 
ping leukocyte count in the early stages of agranulocytosis due to 
drug allergy. 

Such symptoms often appeared in association with allergic rhinitis, 
bronchial asthma or some other easily identified allergic manifesta- 
tions; but when occurring in connection with some less readily recog- 
nized allergic expressions, such as the migraine type of headache or 
certain gastro-intestinal symptoms, the underlying allergic mechanism 
was frequently not appreciated. This was particularly true when the 
fatigue or lassitude represented the major complaint at the time the 
patient was seen, although the past history may have been replete 
with evidence of allergic disease. A history including details of all 
probable allergic manifestations occurring from infancy on, including 
‘‘well focused”’ questions regarding the major food, drug, and inhalant 
allergens, will serve to detect many of these cases. 

The fatigue, drowsiness, and related symptoms in this series of 
patients appeared most commonly as the result of allergic intolerance 
to foods, our experience in this respect confirming the earlier observa- 
tion of Rowe. Such symptoms have been observed repeatedly after 
the trial ingestion of foods in susceptible patients, occurring both in 
association with, and not infrequently in the absence of, other evidence 
of allergic intolerance. 

In the series studied, each patient had at least one clinical allergic 
manifestation in addition to his complaint of fatigue. As may be 
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* 1, Atopic eczema; 2, allergic rhinitis; 3, bronchial asthma; 4, allergic headache 


5, gastro-intestinal allergy; 6, urticaria. 
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observed from the accompanying table, females of early adult type 
were in the majority. Many were nurses or persons of the hospital 
personnel who had been under careful medical supervision for an 
extended period. In 8 of the 25 cases, there was definite evidence of 
cervical gland enlargement, present at the time of the allergic study or 
observed upon some past occasion not readily explained. 

Total and counting chamber differential leukocyte determinations 
were performed by the use of propylene glycol-aqueous stains, pre- 
viously described.*°" A differential count of 200 cells from the standard 
Wright-stained cover slip and heterophil antibody determinations by 
the method of Paul and Bunnell* were done. 

The atypical mononuclear cells observed in the films of these cases 
are similar morphologically to the 3 types of lymphoid cells in infectious 
mononucleosis as described by Downey.‘ Cells corresponding to his 
Type III are encountered most frequently. This cell has a very large 
nucleus, approximating the size of the nucleus seen in the blast forms 
of acute lymphatic leukemia, but differing from the latter in that the 
chromatin strands are more pronounced. Instead of the pale, evenly 
marked nucleus of the stained immature forms, the nucleus of this cell 
is more mottled due to slightly more clumping of the chromatin 
material. There are many sharply defined pale spots in the nuclei, 
unlike nucleoli, but suggesting holes through the nucleus. This 
feature has been described by Osgood’ as “‘nuclear fenestrations.”’ 
Nucleoli also appear occasionally. 

Although the nucleus is invariably large, the amount of cytoplasm 
varies. The presence of many vacuoles in the cytoplasm of the larger 
cells gives them a characteristic foamy appearance. When less in 
amount, the cytoplasm is apt to be concentrated in a basophilic rim 
which is separated from the nucleus by a relatively clear zone. Al- 
though azurophil rods have not been observed, there often is an 
abundance of large, deeply stained azurophil granules and occasionally 
fine, azure granulation. 

The Type II cells are slightly less common, but they occur in all the 
variations described by Downey. In some instances the nuclei are 
marked with several dense and sharply defined rounded masses of 
chromatin. The most common form (Downey’s cell No. 7) contains a 
large irregular nucleus, appearing less immature than the nucleus of the 
Type III cells. The cell outline is angular and edges of the cytoplasm 
are irregularly basophilic. At times, only the points appear basophilic. 

Downey’s Type I cells were seen least frequently. These cells are 
relatively smaller than those of Types II and III. The nucleus is 
similar in size to that of the mature lymphocyte and may show marked 
lobulation; the chromatin exists in the form of a coarse network of 
heavy strands and masses. The cytoplasm is very basophilic and 
contains many vacuoles. Azure granulation is common and there is an 
abundant hyaloplasm. 

The total number of mononuclear cells does not exceed the poly- 
morphonuclears in any instance, as determined by either method of 
differential counting. The atypical lymphocytes range from 2 to 27% 
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of the total differential count. In several cases, the differential count 
was repeated at various times; atypical mononuclear cells were always 
observed, although the total number varied. In a small group of cases, 
serial counts were determined prior to and following the ingestion of 
foods known to produce allergic symptoms. Variations which occurred 
were inconstant and were not regarded as significant in view of the 
recognized errors in the distribution of large cells which occur in the 
preparation of the blood film. 

Toxic granulation of the neutrophils accompanies the presence of 
atypical mononuclear cells in the majority of the films. This, inci- 
dentally, is a common finding in infectious mononucleosis. 

Identical hematologic technique in a control series of 20 normal 
non-allergic individuals of similar age and sex distribution failed to 
reveal a significant number of atypical lymphocytes.°® 

Heterophil antibody determinations were normal in all instances in 
which the test was performed. 

Discussion. ‘The question is immediately raised whether the pa- 
tients in this series might not be convalescing from infectious mono- 
nucleosis. Only one case (V.B.) was known to have had a past diag- 
nosis of infectious mononucleosis. Two years earlier, her white blood 
count was recorded as 6000 cells, and the differential showed 28% 
neutrophils, 58% lymphocytes, 13% monocytes, and 1% basophils. 
The heterophil antibody reaction was strongly positive in a dilution 
of 1/256 and slightly positive to 1/512. She had been subject to hay 
fever for many years, and at the time studied was experiencing gastro- 
intestinal symptoms of nausea, abdominal cramps and diarrhea which 
were relieved with milk avoidance and were precipitated at will by the 
ingestion of milk. 

Seven of the remaining cases had been suspected of having had 
infectious mononucleosis in the past, but their heterophil antibody 
determinations had been consistently negative. 

It is well known that abnormal lymphoid cells remain in the blood 
for appreciable periods after the active phase of infectious mononu- 
cleosis has subsided, and that the presence of abnormal lymphocytes 
in the routine blood examination may be evidence of infectious mono- 
nucleosis months or even years previously.!? There is one case on 
record in which atypical cells characteristic of infectious mononucleosis 
occurred 103 years after the original illness.* 

We cannot state that the remaining 23 cases of this series had never 
had infectious mononucleosis; but this would appear unlikely, in view 
of the frequency with which we have observed these findings in cases 
of clinical allergy. 

It is also well known that the presence of atypical lymphocytes in 
the peripheral blood is not diagnostic of infectious mononucleosis; 
such cells may occur in association with other disease processes. 
Warren” has recently reported finding cells characteristic of this 
disease, comprising between 1 and 10% of the differential count, in 
cases with upper respiratory infections, acute pharyngitis, or sinu- 
sitis. He also reported a group of cases having the clinical findings 
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of infectious mononucleosis with abnormal lymphocytes ranging up to 
25% who lacked a significant heterophil response. The tendency of 
abnormal lymphocytes to enter the blood stream in cases with lym- 
phoid hyperplasia other than infectious mononucleosis was pointed 
out by Baldridge, Rohner, and Hansmann'. The presence of atypical 
lymphocytes not associated with infectious mononucleosis has also 
been observed by others®- 

Summary. 1. The laboratory finding of atypical lymphocytes in 
the peripheral blood of patients with clinical allergy not infrequently 
suggests the diagnosis of infectious mononucleosis. The number of 
such cells is compatible with the blood findings in the recovery phase 
of this disease. 

The symptoms of weakness, fatigue, and lassitude frequently 
characterize the allergic reaction, and commonly occur as sequels to 
acute infectious mononucleosis. 

The fact that both conditions frequently occur in young adults 
otherwise in good health adds to the difficulties of differential diagnosis. 
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RELATIONSHIP OF LYMPHOGRANULOMA VENEREUM INFEC- 
TION TO THE INCIDENCE OF HYPERGLOBULINEMIA 


By Paut B. Bergson, M.D. 
ASSISTANT PROFESSOR OF MEDICINE 
AND 
Epwarp S. Mitier, M.D. 


INSTRUCTOR IN MEDICINE 
ATLANTA, GA. 


From the Medical Service of Grady Hospital and the Department of Medicine, Emory 
University School of Medicine) 


AN increase in the globulin fraction of blood serum is known to occur 
in certain diseases, among which are cirrhosis of the liver, lympho- 
granuloma venereum, sarcoid, multiple myeloma, kala azar, and some 
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acute infections. There is little information available regarding the 
general incidence of hyperglobulinemia, although this undoubtedly 
varies in different parts of the world. In Denmark it is apparently 
rare, as Bing! found only 7 instances of increased globulin among 
3697 sera which had been submitted to a laboratory in that country 
for serologic tests for syphilis; this is an incidence of less than 0.2%. 
In localities where kala azar or lymphogranuloma venereum are preva- 
lent hyperglobulinemia is undoubtedly more common. 

The present study is concerned with the incidence of hyperglobulin- 
emia in residents of Georgia. Our interest in this problem arose from 
observations made in a serologic study of the frequency of lympho- 
granuloma venereum infection in clinic patients. The findings in that 
study, which will be presented in detail elsewhere, are in accord with 
the general concept that lymphogranuloma venereum is far more com- 
mon among negroes than among white people, and also that immuno- 
logic evidence of infection can often be obtained in the absence of a 
history or clinical sign of the infection. One finding which supported 
the specificity of the serologic test is the fact that many of the positive 
sera were also found to have an increased globulin content. 

Because we had found hyperglobulinemia to be relatively common 
among the patients of one hospital it seemed of interest to determine 
the incidence of the condition in a less selected sample of people in the 
same locality. Accordingly we have carried out formol-gel tests on 
2375 sera which had been submitted to the Central Laboratory of the 
Georgia Department of Public Health, for serologic tests for syphilis. 
The results are the subject of this paper. 


Material. The specimens used had been sent by mail to Atlanta from 
various parts of Georgia. Some of them were from patients of private physi- 
cians or of clinics, while others were submitted as part of routine institutional 
surveys or examinations for military service. This group of sera cannot be 
called a random sample from the population in this area, but is nearer to a 
random sample than could be obtained in any other way. Our material is 
perhaps comparable to that of Bing! in Denmark. 

Methods. Any serum which appeared cloudy, or which showed evidence 
of hemolysis, was rejected. Hyperglobulinemia was detected by means of the 
formol-gel test, in which a positive reaction indicates that the level of globulin 
is above 3.5 gm. per 100 cc. of serum.? Each test was set up by adding 2 drops 
of 37% formaldehyde to 1 cc. of serum in a 13 x 130 mm. test tube. The tube 
was stoppered, its contents mixed by inverting, and then allowed to stand at 
room temperature for 24 hours. Interpretation of the reaction was based only 
on gel formation; no account being taken of the development of oily consistency 
or cloudiness. The result was read as positive if the serum had gelled to such 
extent that more than half remained in the bottom of the tube upon inversion. 

The complement-fixation test for lymphogranuloma venereum was done 
according to the technique of McKee et al.,‘ using as antigen the commercial 
egg yolk preparation, Lygranum C.F. (Squibb). 


Results. ‘The incidence of hyperglobulinemia, in relation to the race, 
sex and age of the persons from whom the blood specimens had been 
obtained, is shown in Tables 1 and 2. The most prominent finding is 
the marked racial difference: hyperglobulinemia was more than 
10 times as frequent in the sera of negroes as in white persons. 
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TABLE 1.—INcCIDENCE OF PosITIVE FORMOL-GEL REACTIONS, IN RELATION TO 
Sex AND AGE GrRouP, IN THE SERA OF 1307 Wuite PERSONS 


Females 
Formol-gel Formol-gel 
Age group positive % positive lo 


25-34 . ) 0.4 
35-44 sa 2% 0 

45andover .. . iy . 2.7 


TABLE 2.—INCIDENCE OF PosiTIvE FoRMOL-GEL REACTIONS, IN RELATION TO 
Sex AND AGE GROUP, IN THE SERA OF 1068 NEGROES 


Formol-gel 
Age group positive 
0 2% 3 


15-4 10 
3 


5 
45 and over 


Total 


We believe that a difference in the prevalence of infection with 
lymphogranuloma venereum must be directly related to the racial 
difference in incidence of hyperglobulinemia. All studies, including 
our own, indicate that this disease is much more frequent in negroes. 
Other causes of hyperglobulinemia, such as liver disease, sarcoid and 
multiple myeloma do not appear to manifest any such racial affinity; 
furthermore none of them is sufficiently common to affect 5 to 8% of 
the general population at one time. 

In regard to sex incidence, hyperglobulinemia was found in a slightly 
higher proportion of females than of males. The total number of 
positive sera from white people was so small that this difference cannot 
be regarded as significant; but in the case of the negroes, where in- 
creased globulin was relatively common, the higher incidence found 
in females may be significant—perhaps it is a reflection of the different 
forms which the disease assumes in females and males. 

It seems unadvisable to draw any conclusion from the age distribu- 
tion of the cases of hyperglobulinemia in this series, because the num- 
bers of persons in some of the groups are small. A case of acute rheu- 
matic fever in a child or of liver disease in an older person could easily 
obscure the picture of hyperglobulinemia due to lymphogranuloma 
venereum, despite the fact that that disease is probably the principal 
cause of the condition in the present series. 

In Table 3 the incidence of hyperglobulinemia is compared with the 
result of the serologic tests for syphilis. This shows that increased 
globulin was more frequent in the sera of persons with syphilis. (The 
data on white persons are not included because there were only 93 
Kahn-positive sera from white persons; 1 of these gave a positive 
formol-gel test). One might infer from the data in Table 3 that 
syphilis is a frequent cause of hyperglobulinemia; however, there is 


Males Females 

No. of Formol-gel 
% sera positive % 
13.6 37 0 0 
5.7 265 20 7.5 
4.3 152 18 11.8 
78 4 5.1 
8.7 33 5 15.1 

28 5.6 565 47 8.3 
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considerable evidence available indicating that such is not the case.’ 
A more probable explanation of the relationship is simply that persons 
who have acquired one venereal disease are apt to have acquired 
another. This view is supported by the results which we obtained 
when some of the same sera were tested for complement fixation with 
lymphogranuloma venereum virus. One hundred and thirty Kahn- 
positive sera, all from negroes, were tested. In 5 of them the result 
could not be determined because of reaction with the antigen control, 
a difficulty which is encountered occasionally in syphilitic sera.2 Of 
the remaining 125 sera, 74 gave a positive test for lymphogranuloma 
venereum, while 51 were negative. In these 2 groups there were 
13 cases of hyperglobulinemia; 12 of them were from persons with 
lymphogranuloma venereum, while only 1 was from a person with 
syphilis alone. This appears to be a significant difference, and points 
to lymphogranuloma venereum rather than to syphilis as the principal 
cause of hyperglobulinemia. 


TABLE 3.—INCIDENCE OF PosITIVE ForMoL-GEL REACTIONS, IN RELATION TO RESULT 
or Kaun Test For Sypuitis; Sera From 1068 NEGROES 


Kahn-positive Kahn-negative 
No. of Formol-gel No. of Formol-gel 

Age group sera positive 4) sera positive A 
Le 5 1 20.0 54 2 3.7 
CS eae 16 9.5 270 14 5.2 
ae 23 11.2 134 4 3.0 
Sh vcs, 84 5 6.0 67 1 1.5 
45andover. . . 21 4 19.0 58 5 8.6 
Total. . . . 486 49 10.1 583 26 4.4 


Summary. Because of the prevalence of lymphogranuloma vener- 
eum in the negro population in Georgia, a study was made of the 
incidence of hyperglobulinemia in 2375 sera, from both the white and 
the negro population. The formol-gel test was used to detect the 
presence of increased globulin. Hyperglobulinemia’ was found in 
0.4% of white males and in 0.6% of white females. In negroes the 
respective rates were 5.6% and 8.3%. The difference in prevalence 
of lymphogranuloma venereum infection is presumed to be the explana- 
tion of this racial difference. A higher proportion of cases of hyper- 
globulinemia found among negroes with syphilis appeared to be related 
to the associated presence of lymphogranuloma venereum in those 
persons. 


We are indebted to Miss Med Scott Brown for technical assistance in this work. 
We wish to thank Dr. T. F. Sellers, Director, and Messrs. E. L. Webb, Chief Serologist 
and C. 8S. Adams, Assistant Serologist of the Georgia Department of Public Health 
Laboratories, for their coéperation, which made this study possible. 
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CHLOROPHYLL: AN EXPERIMENTAL STUDY OF ITS WATER- 
SOLUBLE DERIVATIVES* 


I. REMARKS UPON THE HISTORY, CHEMISTRY, TOXICITY AND ANTI- 
BACTERIAL PROPERTIES OF WATER-SOLUBLE CHLOROPHYLL 
DERIVATIVES AS THERAPEUTIC AGENTS 


By LawrENcE W. Situ, M.D. 


PROFESSOR OF PATHOLOGY 
PHILADELPHIA, PA. 


(From the Temple University School of Medicine) 


IN recent years interest in the possible therapeutic value of various 
chlorophyll derivatives has been revived, after a hiatus of nearly a 
quarter of a century. Up to the present time, however, such evidence 
as has appeared in the literature has been so relatively scanty and 
inadequately controlled, that it seemed worth while to attempt to 
explore certain aspects of the problem by well established experimental 
methods in an attempt to evaluate its potentialities clinically. To this 
end, a number of experiments were designed and carried out to deter- 
mine certain more or less specific facts regarding the nature and manner 
of action of therapeutic preparations made with stable, purified, water 
soluble chlorophyll derivatives. 

In the first place, it seemed important to establish whether or not 
the chlorophyll{ derivatives were toxic. Second, studies regarding the 
bactericidal or bacteriostatic effects of these derivatives seemed definitely 
indicated, in view of the favorable reports which had appeared in 
respect to its benefits in a wide variety of infectious conditions. Third, 
the effect of chlorophyll as a growth stimulating agent, in comparison 
with other substances in current use or under investigation at the 
present time in the repair of wounds of both traumatic and thermic 
origin, seemed of particular importance to ascertain, in view of its 
very great practical interest in the war program. In addition to these 3 
main aspects of the problem, it was hoped that incidental accumulated 
data from these studies might yield further information as to the 
mechanism of the action and fate of chlorophyll in the body and any 
possible effect it might have upon the hematopoietic system through 
its close structural composition to that of hemoglobin. 

Chemistry of Chlorophyll.§ Chlorophyll, the green coloring matter of 
plants, has stirred the imagination of biologists through the centuries. 
It is perhaps but natural that the greatest interest has been exhibited 


* Aided by a grant from the Committee on Therapeutic Research of the Council on 
Pharmacy and Chemistry of the American Medical Association. 

+ The experimental products were generously supplied us by the Rystan Company of 
New York City, sole licensee of the Lakeland Foundation, Chicago, in accordance with 
the regulations of the Food and Drug Administration regarding new experimental thera- 
peutic agents. 

t Wherever the term ‘‘chlorophyll”’ is used in these studies the water-soluble deriva- 
tives are meant, the term ‘‘chlorophyll’’ being used for the sake of brevity. 

§ I am indebted to Prof. Paul Rothemund of Antioch College and to Isidor Chamelin, 
M.S., of the Goldwater Memorial Hospital, Welfare Island, New York City, for their 
kindness in reviewing and revising the section relating to the chemistry of chlorophyll. 
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by those scientists concerned particularly with plant physiology, and 
above all, by the biochemists, who have sought to understand the com- 
plex mechanism of the conversion of carbon dioxide to starch by plants 
through photosynthesis and the action of chlorophyll. Even among the 
ancients, the greenest herbs were chosen for their crude empiric 
remedies. But it was not until Willstétter and Stoll’s® (1913) mon- 
umental studies upon chlorophyll that its empirical formula was 
established. Since that time, the further studies of Stoll,!® Conant, 
Hans Fischer*:? and others! have established the molec- 
ular formula (see Fig. 1). The unfolding of our knowledge regarding 
the chemistry of chlorophyll will be found in the publications listed 
in the appended bibliography. 


H;C CH=CH, H;C C.H; 


Fic. 1.—The structural formula for chlorophyll a, as determined by Hans Fischer,’ 


Chlorophyll, from present knowledge, consists of two components: 
chlorophyll (CssH2O;NsMg) and chlorophyll b 
These components occur in nature in an almost invariable proportion 
of 2.9:1. They are relatively inert blue-black substances with a 
marked metallic luster. They have no definite melting points, varying 
from 117° to 120° C. for the a form and 120° to 130° C. for the b 
form. Both forms are optically active: the specific rotation of the a 
form is at — 262° and of the b at —267°. The two fractions are neutral 
in reaction, with neither acidic nor basic properties. 

Examination of the structural formula of chlorophyll a (Fig. 1) as 
determined by H. Fischer’ (1939) shows the substance to be a diester: 

The phytyl group is placed on the proprionic acid residue of pyrrole 
nucleus [V while the carbmethoxy group is attached to the isocyclic 
ring (Cio). 

The formula of chlorophyll b as it is known at present, has an alde- 
hydie or formol group on C; in place of the —CH; of chlorophyll a. 
This substitution yields 2 hydrogen atoms less and 1 oxygen atom 
more than in the chlorophyll a structure. 

Treatment of either chlorophyll with mild acids, such as oxalic acid, 
removes the nuclear magnesium. More vigorous acid action removes 
the phytyl radical in addition. 
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The degradation products run parallel in the a and b components 
forming pheophytins a and b; pheophorbides a and b; chlorins from a 
and rhodins from b. The porphyrins and further degradation com- 
pounds are the same whether obtained from chlorophylls a or b. 

The chlorophylls are easily soluble in absolute ethyl alcohol, some- 
what less soluble in 95% ethyl alcohol as well as in methyl alcohol. 
They are not soluble in petroleum ether. 

Chlorophyll may be obtained from either fresh or dried leaves by 
extraction with acetone. It occurs in greatest concentration probably 
in nettles, alfalfa and spinach. A kilo of fresh leaves yields about 
1.5 gm. of chlorophyll on the average, while about 7.5 gm. can be 
obtained from a kilo of dried leaves. In its natural state it occurs in 
colloidal form. As isolated from plants it is amorphous in character 
(phytylchlorophyllide), but it can be secured in crystalline form (methyl 
or ethyl chlorophyllide) through the substitution of the phyty! radical 
by the respective alcohol either through chlorophyllase enzymic action 
or by alcoholic extraction. 

The similarity of hemoglobin and chlorophyll is seen in the com- 
parison of the hematin and chlorophyll molecules as described by 
Gortner.* In hemoglobin, iron is substituted for the magnesium of 
chlorophyll, globin is substituted for the phyty] radical, and at Carbon 
4 an allyl instead of an ethyl residue is obtained. 

The water-soluble chlorophyll used in these experimental studies, as 
supplied by the Rystan Company, is a medicinally purified product, 
from which the resins and other impurities have been removed as far 
as possible by adsorption. In the main we used a saponified metal 
complex derivative of chlorophyll, such as sodium copper chlorophyllin. 
It has been provided in two forms: (1) as saline solutions in strengths 
ranging from 0.2 to 5%, and (2) as ointments in lanolin, cholesterol] 
and hydrophilic bases. Both types of product as used experimentally 
and clinically, have had a preservative, propyl-para-hydroxy-ben- 
zoate, added in small amounts; but for bacteriologic and tissue culture 
experiments, sterile material has been given us without such added 
preservative. The pH of the solution has varied also in the products 
for clinical use—that for nose and throat work being buffered to approx- 
imately pH 6.7, while the ordinary, unbuffered solution has had a 
pH which ranged from 7.3 to 8.5 The standard ointment has contained 
|\% of the water-soluble chlorophyll although earlier preparations 
varied in their chlorophyll content from 0.25% to 3% in an attempt to 
find the optimal concentration. 

Most previously published clinical studies have been concerned with 
the oil-soluble product.?*2 Experience over a period of years has 
convincingly demonstrated that the water-soluble derivatives are 
much preferable in clinical use, as they are equally, if not more effec- 
tive,!® than the oil-soluble form and at the same time are bland and 
non-irritating. The oil-soluble fraction also presents certain obvious 
objections to its use: it does not lend itself readily to use on mucous 
membranes; it is difficult to obtain in pure form, and it tends to be 
slightly irritating, presumably due to impurities. For these reasons, 
ve have elected to use aqueous-soluble products in these studies. 
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Toxicity Studies. In a series of 20 rabbits—chlorophyll (provided as 
a 0.2% saline solution with a pH of 7.3) was administered: (a) by 
mouth, (b) intravenously, (c) intraperitoneally and (d) subcutaneously, 
separately and in combination. It has likewise been given in a smaller 
series of 5 rabbits (a) by mouth and (6) intravenously in concentrated 
form (2%). 

Method. The dosage has varied from 5 cc. subcutaneously to as much as 
150 cc. intravenously at one time. The majority of the animals have been 
given the drug intravenously and in repeated dosage. The usual interval was 
5 days and the average single dose was 50 cc. In 2 animals this amount was 
administered daily for 5 days. One animal received a total of 550 cc. in 8 
doses at 5-day intervals, the first 6 being 50 cc., the 7th dose 100 cc., and the 
8th dose 150 cc. In several of the animals, as a purely side observation, the 
effect upon hematopoiesis was noted by removing a corresponding volume of 
blood before the drug was given, and following the blood count at intervals. 

None of the animals given chlorophyll in any of the experiments, 
regardless of the dosage, showed any systemic reaction indicative of 
toxic effect. There was no elevation of temperature and no significant 
gastro-intestinal symptomatology other than a slight diarrhea in an 
occasional instance. Their appetite was not affected, nor was their 
physical activity. The red cell count returned to normal within 4 or 
5 days in these animals which were bled as much as 50 ce. repeatedly. 
This would suggest that the drug might perhaps have some actual 
stimulating effect upon hematopoiesis. 

Pathologic examination of several of the animals show considerable 
retention of the pigment in the reticulo-endothelial system, notably 
the spleen and bone marrow. Whether this might eventuate in reticulo- 
endothelial block under such extreme experimental dosage cannot be 
answered at this point; but, as reported by Henderson and Long" as well 
as in our experience, there is no evidence to suggest that this does occur. 
Our impression, at present, is rather that any effect which takes place 
is in the nature of cell stimulation. 

The chlorophyll solution likewise has been given intravenously to a 
number of dogs, cats, guinea pigs, rats and mice with essentially 
similar negative results so far as any toxic effect is concerned. No 
attempt has been made in these animal experiments to evaluate the 
drug therapeutically in any way. They were concerned solely with an 
investigation of its toxicity. 

Clinically, 240 cc. of the 2% solution has been given daily for 3 
days by mouth to a normal healthy adult male volunteer. No sub- 
jective or objective symptoms or signs occurred other than a slight 
increase in bowel evacuation, the stool being somewhat softer than 
normal, and somewhat discolored by the drug. In addition, as much 
as 500 ce. of 0.5% chlorophyll solution has been administered intra- 
venously daily for 8 days in cases of subacute bacterial endocarditis 
with no toxic symptoms, and with some temporary bacteriostatic effect. 

As regards toxicity, we can conclude without qualification that such 
medicinal water-soluble chlorophyll derivatives as are contained in 
the preparations we have employed in these studies are without any 
toxic effect upon the usual laboratory animals or on man. 
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Bacteriologic Studies.* In view of the striking results, as reported 
hy several clinics?*:* and numerous doctors who have investigated 
these same water-soluble chlorophyll preparations during the past 3 
or more years, in reducing or eliminating the infections associated with 
many ulcerative lesions, both clinical and as induced in experimental 
wounds in animals,‘ it was felt that a survey of the antibacterial 
properties of chlorophyll in vitro was indicated. A priori, one might 
expect that chlorophyll, being derived from plants, and possessing 
certain cellular growth stimulating properties as demonstrated in 
tissue culture!’ and wound healing experiments," would tend similarly 
to accelerate rather than inhibit bacterial growth. Yet the evidence 
seems to indicate that chlorophyll exerts a definite bacteriostatic effect 
upon many of the common tissue invaders; and even an actual bacter- 
icidal effect upon some of the more delicate organisms, notably Lance- 
field Type A hemolytic streptococci and some of the anaerobic bacteria. 
In this connection Henderson and Long" have shown recently that 
“phytorhodin g’’ has a definite inhibitory effect upon the growth of 
tubercle bacilli in culture, but that it does not materially alter the 
course of the experimentally induced disease in guinea pigs, although 
it tends to localize the extent of the process. 

Preliminary studies revealed that chlorophyll alone in dilutions of 
from 1:100 to 1:500 would not support the growth or even the via- 
bility of staphylococci, streptococci or coliform bacteria over a period 
of 24 to 48 hours. Dilutions of chlorophyll up to 1:2000 in a brain- 
heart broth medium showed a definite bacteriostatic effect upon the 
growth of these organisms although growth was not completely 
inhibited in this medium beyond a 1:500 dilution. 


Method. On the basis of the results of these preliminary experiments some- 
what more extensive tests were made, using beef infusion broth as the medium, 
and increasing the inoculum to average 90,000 organisms. 


1. Staph. aureus was inhibited by 1:80 dilution, but not by 1:160. 
[t was not killed by 24 hour exposure to 1:20 dilution. 

2. Strep. hemolyticus was inhibited by 1:640 dilution, but not by 
|:1280. It was killed also by the 1:640 dilution. 

3. Esch. coli was not inhibited by the 1:20 dilution. 

1. No evidence of morphologic variation noted except a tendency 
for the streptococci to become gram negative after 7 days. 

It was felt wise to extend these bacteriologic studies a little further 
to include certain of the anaerobic organisms and Ps. pyocyaneus. 
The prompt deodorization and cleaning up of infected, ulcerated 
lesions, such as carcinoma and varicose ulcers, clinically, often within 
a matter of 48 to 96 hours, prompted this line of attack in an effort 
to attempt to explain the action of chlorophyll in such cases. 

In these experiments 8 organisms were employed, varying the amount 
of the inoculum, and the type of media. The organisms used were: 

1. Staph. aureus, a highly hemolytic, coagulase positive strain fer- 
menting lactose and mannite, No. 209. 


* The bacteriologic studies were carried out through the codperation and supervision 
E. H. Spaulding, Ph.D., Associate Professor of Bacteriology. 
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2. Strep. hemolyticus, Group A—recent isolation. 
3. Strep. hemolyticus, Group A—strain C-203. 

4. Strep. mastitidis (agalactiae), Group B—recently isolated from 
an infected herd of cattle, through the courtesy of Dr. Oscar Erf of 
Ohio State University. 

5. Ps. pyocyaneus, a recent isolation. 

6. Esch. coli, freshly isolated hemolytic strain. 

7. Cl. perfringens, a Sharp & Dohme strain No. 1633. 

8. Cl. histolyticum, A. T. C. C. No. 6282. 

Initially, veal infusion, and 1% amigen broth were employed. The 
inoculum averaged about 9000 colonies except in the case of the two 
anaerobes in which it was only about 1000 colonies. Inhibition of 
growth of Esch. coli and Ps. pyocyaneus was noted in 1:50 dilutions; 
of Strep. mastitidis in 1:200 dilution, of the streptococci, and the two 
anaerobes in 1:1600 dilution and no inhibition of the hemolytic 
staphylococcus was obtained. The experiments were repeated increas- 
ing the inoculum with approximately the same results. 

This apparent bactericidal effect of chlorophyll upon anaerobic 
bacteria as suggested by these last outlined experiments could be 
explained as dependent upon an oxidizing mechanism. To test this 
hypothesis, these tests were repeated using this time, however, (Brew- 
er’s) thioglycollate medium which does not require the use of an 
anaerobic jar, and which contained as a constituent, an oxidation- 
reduction indicator, methylene blue. Control experiments using the 
medium alone with the addition of chlorophyll in dilutions of from 
1:10,000 to 1:40,000 were made. The results indicated that chloro- 
phyll was unable to oxidize the thioglycollate medium appreciably, and 
its inhibiting effect upon the growth of Cl. perfringens and Cl. histo- 
lytucum was sharply reduced, being ineffective in dilutions of 1:500. 

These results were in such striking contrast to those obtained 
earlier with veal infusion broth that it was thought advisable to repeat 
the earlier experiments adding a reducing agent, cysteine hydrochlo- 
ride, to the veal broth medium. This had a final concentration of 
0.02%. Again it was demonstrated that chlorophyll was unable to 
prevent the reduction of the methylene blue in the presence of such 
small amounts of cysteine hydrochloride, and that the inhibition of 
anaerobic bacterial growth was strikingly reduced, although in this 
case stasis was obtained for 48 to 72 hours in dilutions of 1:500 and 
1:1000. These studies suggest that some interference with the oxida- 
tion-reduction mechanism of bacterial respiration is produced by the 
action of chlorophyll, which might well account for its bacteriostatic 
and even bactericidal effect clinically in a large proportion of cases. 

Discussion. Studies on the effect of water-soluble chlorophyll prep- 
arations on cultures of various of the more common pathogenic bacteria 
tend to support the premise that chlorophyll acts to produce an 
unfavorable environment for bacterial growth rather than by any 
direct action upon the bacteria themselves. However, it is to be noted 
that the ordinary pyogenic bacteria will neither grow nor survive for 
24 hours in simple isotonic saline solutions of chlorophyll up to dilu- 
tions of 1:500. 
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The experiments point towards an oxidation mechanism as perhaps 
most readily explaining the ability of chlorophyll to hold back anaerobic 
bacterial growth. The addition of reducing agents such as cysteine or 
thioglycollate to the medium in sufficient amounts overcomes this 
action and again permits growth to take place. Thus, there appear to 
be not only qualitative but also quantitative factors to consider in 
attempting ‘to interpret the almost regular improvement of the infec- 
tious picture in clinical cases where chlorophyll is applied topically. 
Whether some mechanism which interferes with bacterial respiration 
exists similar to that occurring in relation to the sulfa compounds in 
infection requires further investigation. 

Whether the prompt tissue repair response to chlorophyll therapy 
may not be the chief modus operandi in its control of infection seems 
entirely probable. At all events, it can be said as a result of these 
hacteriologic studies that chlorophyll is not strictly bactericidal, but 
that it does exert a definite bacteriostatic and even a bactericidal effect 
under suitable environmental conditions. When time and opportunity 
permit, these problems should be pursued to their ultimate solution, 
as the place of chlorophyll in the entire biologic pattern is so uni- 
versally important that a thorough understanding of its mechanism 
is most essential. 

Summary. 1. A brief résumé of our current concepts regarding the 
composition and chemical behavior of chlorophyll is presented. 

2. Experimental evidence is introduced to demonstrate the total 
absence of toxic effects of the water-soluble derivatives of chloro- 
phyll when administered, subcutaneously or intravenously, to animals 
or Man. 

3. Bacteriologic studies are reviewed which point towards an inter- 
ference with the oxidation-reduction mechanism of bacterial respira- 
tion as explaining the rather striking bacteriostatic effects noted in the 
use of water-soluble chlorophyll derivatives clinically, and exper- 
imentally in animals, in the treatment of infected surface wounds. 
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A TUMOR OCCURRING IN THE SUPERIOR PULMONARY SULCUS 


By Irvinc ImBer, M.D. 
RESIDENT IN PATHOLOGY 
READING, PA. 


(From the Departments of Pathology, Radiology and Medicine, The Reading Hospital) 


SINCE the publication of a paper, “Superior Pulmonary Sulcus 
Tumor,” by Dr. Henry K. Pancoast in 1932,'° considerable controversy 
has arisen as to the origin and classification of the tumors which he 
described. Several writers! have expressed the opinion that 
the entire syndrome described by Pancoast could be produced by any 
inflammatory process or tumor mass arising within the lung or in the 
pulmonary sulcus. Some authors!®:4518 have suggested that most 
tumors of this nature are bronchogenic or pulmonary in origin. Other 
authors?:7:§6.17 have attempted to present evidence to show that the 
tumors which they described arose outside the lung and pleura in the 
superior pulmonary sulcus, thus supporting the original contention of 
Pancoast. Dr. Joseph McFarland" has suggested a possible origin in 
the precervical sinus for the latter group. 

Hall,® in a thorough review of the literature, has suggested that in 
most of the reported cases the lesion is an apical bronchogenic car- 
cinoma with secondary involvement of the brachial plexus and the 
cervical sympathetic chain. Sympathicoblastomas,*"' dural epithe- 
lioma of cord"! squamous cell epithelioma® and metastatic 
have all been reported as producing an anamnesis and clinical course 
similar to the pulmonary sulcus syndrome. 

The following case report and postmortem study is considered 
worthy of publication because it illustrates a superior pulmonary sulcus 
tumor in which the extrapulmonary origin of the tumor can be estab- 
lished, thus favoring the original contention of Pancoast that a primary 
tumor may arise in the pulmonary sulcus and that it may produce a 
definite clinical syndrome. 


Case Report. B. R., white, male, age 47, American, electrician, was ad- 
mitted to the hospital on Dec. 4, 1942, complaining of pain in his right scapular 
area and cough. He was in his usual good health until 2 months before 
admission, when he first noted a sharp piercing pain in his back medial to the 
right scapula. This pain soon became more constant, boring and aching in 
nature, and seemed to travel down the right arm. The arm then became 
numb and weak. Since the onset of this pain, he had a morning cough pro- 
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ductive of a moderate amount of yellowish white mucus and noted dyspnea on 
exertion. In the 2-month period prior to hospitalization he had lost 20 pounds 
in weight and complained of marked anorexia and weakness. Afternoon and 
night sweats were present, but never any hemoptysis. The systemic review, 
medical, social and family histories were entirely irrelevant. 

Physical examination revealed a thin, pale, middle-aged, white man in 
apparent distress. His weight was 122 pounds and his sensorium was clear. 
A typical Claude Bernard-Horner’s syndrome was present on the right. The 
right arm showed a moderate amount of muscular atrophy and a definite 
decrease in muscle power. Pain sensation was diminished in the right hand 
and forearm. The biceps, triceps, radial and ulnar reflexes were exaggerated 
on the right. Examination of the chest revealed dullness to percussion at the 
right apex and a diminution in breath sounds in that area. A definite tumor 


Fic. 1.—Chest demonstrating definite growth in the right apex. 


mass was palpated in the supraclavicular area on the right. The heart size 
was within normal limits, and the rate, rhythm and sounds were normal. 
Blood pressure was 104 over 44 in both arms with only slight variation on 
several readings. Examination of the abdomen revealed nothing abnormal. 
Sputum examination was repeatedly negative for acid-fast bacillus and blood. 
The blood Wassermann reaction was negative. Urinalysis was negative. 
Erythrocytes, 3,320,000; hemoglobin, 63%; leukocytes, 15,200, with 79% neu- 
trophils, 20% lymphocytes and 1% eosinophils. 

The Roentgen examination (Fig. 1) showed a lesion involving the apex of the 
right upper thorax. The lesion was indicated by a sharply defined, rounded, 
soft tissue shadow approximately the size of a tennis ball. This extended as 
low as the second rib anteriorly and filled the apex of the thorax. It displaced 
the esophagus slightly to the left but did not produce any evidence of erosion 
f the ribs or vertebree. 
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When the patient was presented to the hospital tumor conference, 
the differential diagnosis of primary and metastatic malignancy was 
discussed, but no definite conclusions were reached. The radiologist 
suggested that the lesion was a primary growth possibly originating 
in the smaller bronchi of the right upper lobe. Operation was sug- 
gested as the treatment of choice for the purpose of biopsy and, if 
possible, lobectomy. After transfer to the Hamburg Tuberculosis 
Sanitarium for lobectomy further radiographic examinations were 
made of the chest. These showed an increase in the size of the tumor 
mass, but no bone erosion could be ascertained. A bronchoscopic 
study revealed a normal tracheobronchial tree with moderate com- 
pression of the trachea by an external lesion. On January 4, 1943, 
occult blood was found in the sputum and feces. Radiographic exam- 
ination of the intestinal tract showed no definite lesion. About this 
time a walnut-sized mass appeared over the first interspace at the left 
sternal edge. Biopsy from this mass by Dr. A. Judd was reported by 
Dr. E. D. Funk as probable metastatic carcinoma of squamous cell 
origin. 

With the general picture of rapid deterioration, erosion of the 
sternum, and rapidity of growth of the pulmonary lesion, a lobectomy 
was considered foolhardy. The patient was returned to the Reading 
Hospital on Jan. 14, 1943, in a cachectic state and expired shortly 
thereafter. Just previous to his demise on Jan. 22, 1943, two soft 
tissue nodules were noted in the upper abdominal wall. 

Necropsy Findings. Macroscopic. Superior pulmonary sulcus tumor 
with erosion of the manubrium, first and second ribs, first and second 
thoracic vertebra, and involvement of the brachial plexus and sym- 
pathetic ganglion; metastasis of tumor to skin, peritoneum and right 
and left adrenal medulla; early bronchopneumonia of right lower lobe; 
inanition; pathologic fracture of first rib on right side; pulmonary 
emphysema; chronic passive congestion of liver and spleen. 

The body was that of an extremely emaciated white male, weighing 
approximately 100 pounds. The skin had a sallow, yellow color. 
The sclera was icteric, the right palpebrum was closed and the pupils 
were round and equal. Above the right clavicle was a protruding 
apical mass. The chest was emphysematous. Just lateral and left 
to the manubrium was a nodular growth measuring 4x 5x 1.5 cm. 
with a healed incision over its surface measuring 4 inches in length. 
‘The abdomen was scaphoid in type. Below the rib margin in the right 
and left mid-clavicular line were two hard nodular masses. Another 
mass over the right hip was also noted. 

When the peritoneum was opened a large cauliflower mass measuring 
5 x 5x3 em. was found anteriorly in the abdominal wall just above 
and lateral to the umbilicus. No free fluid was found. The intestinal 
tract was collapsed and normal throughout. The right anterior 
abdominal wall contained a nodular mass beneath the peritoneum 
which measured 3 cm. in diameter. These growths were friable, necro- 
tic and yellow in color. 

The right pleural cavity contained a tumor mass lying in the extreme 
apical portion. It was fungating, friable, necrotic, yellowish white in 
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color, and measured 9 x 8 x 5 em. in situ. The apical portion of the 
upper lobe was attached to the mass by adhesions which were readily 
broken. ‘The mass extended anteriorly to the level of the second rib 
and posteriorly to the fourth interspace. It had eroded through the 
first and second ribs, causing a pathologic fracture of the first rib, and 
also into the first and second thoracic vertebree. It extended superiorly 
into the brachial plexus to the level of the cricoid cartilage. 

The right lung measured 23 x 22 x 5 cm. and weighed 610 gm. At 
the apex there was a scarred area measuring 8 x 8 cm. which was 
attached to the tumor mass. In this area the lung parenchyma was 
compressed and no evidence of tumor could be found on gross section. 
Several small, patchy, yellowish red areas were present at the base. 
The bronchioles were filled with a yellowish exudate. 


Fig. 2.—Suleus tumor showing cellular degeneration and round cell infiltration. 
(X 150.) 


The right adrenal gland measured 8 x 6 x 3 cm., and the medulla 
was replaced by a large, fungating, yellowish white mass of necrotic 
tumor tissue. Only a narrow strip of yellowish orange cortical sub- 
stance remained. The left adrenal measured 6x 5x 3.5 cm. and 
showed the medulla replaced by a growth similar in gross appearance 
to that in the medulla of the right adrenal. 

The left and right kidneys presented a flattened area in the superior 
pole where the suprarenal glands had rested. They were entirely free 
of the adrenals and showed no evidence of any tumor growths. The 
cortex and medulla were well differentiated and the capsule stripped 
with ease. 

The testes, epididymis and prostate gland were all small and normal 
in appearance. 

VoL, 207, No. 5—may, 1944 24 


658 IMBER: TUMOR OCCURRING IN SUPERIOR PULMONARY SULCUS 


Microscopic. Study of the sulcus tumor mass revealed extensive 
cellular necrosis in which were found islands and masses of tumor cells 
(Fig. 2). The cellular portion of the tumor was composed of irregularly 
shaped large cells with a slightly granular or clear cytoplasm and a 
large round or oval vesiculated nucleus with a prominent nucleolus. 
Some nuclei, however, were pyknotic and hyperchromatic. No ten- 
dency toward any definite acinar formation of the tumor cells was 
noted (Fig. 3). Throughout these masses of tumor cells, lymphocytes 
were diffusely scattered. In the center of a number of islands of these 
immature squamous epithelial cells was an area of cellular necrosis 


3.— Neoplastic area showing mitosis and anaplasia. (xX 640.) 


which was surrounded by round cells. Mitotic figures were frequent. 
The underlying lung, which was attached by fibrous connective tissue 
to the tumor, revealed an infiltration of round cells, tumor cells, and a 
partial atelectasis of the alveoli. Several bronchioles were present. 
These showed no evidence of any malignant degeneration. The lung 
tissue of the right lower lobe revealed a patchy bronchopneumonia. 
Here the alveoli were filled with polymorphonuclear leukocytes and 
monocytes. 

The adrenal glands revealed a partial pressure atrophy of the cortical 
portion. The capsule was intact. All 3 zones were narrowed. The 
entire adrenal medulla was replaced by exactly the same type of 
tumor cells which were present in the sulcus tumor. Necrosis as well 
as lymphocytic infiltration was in evidence (Fig. 4). 

The peritoneal implants also revealed the exact type of tumor found 
in the sulcus mass. 

The kidneys revealed no evidence of tumor growth. The glomeruli 
and their Bowman’s capsules were entirely without pathologic change. 
The tubules showed a slight amount of cloudy swelling. 


~ 
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Discussion. The clinical syndrome described by Pancoast included 
(1) pain in the shoulder region often radiating down the arm and 
eventually into the fingers, (2) Horner’s syndrome, (3) local destruc- 
tion of the first 2 or 3 ribs, and (4) atrophy of the muscles of the hand. 
The Roentgen observations were described as a small, sharply defined, 
soft’ tissue shadow in the apex of the thorax which usually appeared 
insignificant when compared with the symptoms of the patient. 
Accompanying this is a destruction of one or all of the upper 3 ribs in 


Fic. 4.—Tumor cells replacing adrenal medulla and compressing adrenal cortex. 
(X 150.) 


their posterior aspects and the adjacent transverse processes and 
sometimes slight vertebral erosion." 

An important feature in most of the reported cases has been the 
absence of signs or symptoms of pulmonary disease. Most of the 
tumors have occurred in men and, regardless of their origin, the life 
expectancy is 1 year or less." 

The syndrome described by Pancoast was present in this case. The 
clinical course from the onset of pain to death was extremely rapid, 
totaling only 33 months. Physical signs and symptoms of a pulmo- 
nary lesion which usually have been strikingly absent in the reported 
cases were present in this case, apparently due to the large size of the 
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tumor. The rapid growth exhibited by this lesion by Roentgen exam- 
ination is also somewhat unusual. It is also worthy of note that none 
of the Roentgen examinations demonstrated evidence of osseous erosion. 

The tumor mass in the pulmonary sulcus at postmortem examina- 
tion was undoubtedly extrapulmonary and was so proven by micro- 
scopic sections. Dr. McFarland, who made a diagnosis of spino- 
cellular carcinoma in one of Pancoast’s cases, reviewed the histologic 
sections of this patient. He expressed the opinion that this tumor 
was composed of cells which are squamous epithelial cells but did not 
reach the prickle stage and that the adrenal medullary tumors and the 
sulcus tumor were the same cell type. ‘The unusual amount of necrosis 
in the tumor is evidence of its rapid growth. This feature had also 
been noted by Barton! in his case. The finding of a similar type of 
tumor cell in both the adrenal medullas, as did Jacox,!® raises the 
question of a possible adrenal medullary or sympathetic ganglion origin. 
Was this tumor primary in the pulmonary sulcus or in the adrenal? 

From the history obtained, it is not possible to state whether the 
Horner’s syndrome preceded the onset of scapular pain or whether it 
followed the onset of pain. This thought is projected with the idea 
that perhaps those tumors which are not bronchogenic carcinomas do 
arise in the precervical sinus or the cervical sympathetic ganglion 
Therefore, the primary origin of this tumor cannot be definitely 
established and Pancoast’s theory of an origin from the precervical 
sinus deserves careful consideration. 

Summary. 1. A case is reported which illustrates many of the 
features originally described as representing the superior pulmonary 
sulcus tumor. 

2. Evidence is presented to indicate an extrapulmonary origin for 
this tumor. 

3. Controversial evidence regarding the nature and origin of these 
tumors is briefly discussed. 


I am indebted to Drs. Erwin D. Funk, George W. Chamberlin and Howard U. Miller 
for permission to publish the case presented and for their assistance in the preparation 
of this paper. 
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PENICILLIN 
A REVIEW OF THE LITERATURE THROUGH 1943*}{ 
By Lieut. G. F. Scumitt, M.C., U.S.N.R. 


SAN FRANCISCO, CALIF. 


Factors inhibiting bacteria have been known for almost 50 years 
(Emmerich and Low, 1899), (Emmerich and Saida, 1900). The con- 
siderable literature that has arisen concerning the antagonistic relations 
of microédrganisms has been completely and adequately reviewed by Waks- 
man (1941)! and Waksman and Woodruff (1942). However, only 
during the last several years has the general interest of the profession in 
the subject—primarily due to the advent of penicillin—been aroused. 
While the span of life of penicillin has been short, over 100 articles dealing 
with it have been published. Some of these are in journals inaccessible 
except in the larger libraries. Accordingly, the purpose of this paper is 
to collect and summarize the knowledge of penicillin up to the present 
time. Unless some articles have been overlooked unintentionally, the 
present bibliography is complete to January 1, 1944. 

Historical. Fleming (1929)* observed that the growth of certain bac- 
teria was inhibited by the chance introduction of a mold into culture 
plates containing bacteria. Because the genus to which this species of 
mold belonged was so widespread in all sorts of decaying matter, such a 
discovery was not remarkable. The mold, tentatively identified as 
Penicillium rubrum, was a member of the great company that rotted fruit, 
vegetables, meat and grain, and invalidated many kinds of biologic 
experiments. . Such organisms were so conspicuous in all sorts of stale 
decaying matter that they constituted the common conception of “ mold.” 


* Written as part of graduate work at Stanford Univ. Medical School and was made 
possible by the facilities of the Lane Medical Library. Dr. A. L. Bloomfield gave sug- 
gestions and advice. 

+ The opinions and assertions contained herein are the private ones of the writer and 
are not to be construed as official or reflecting the views of the Navy Department or the 
Naval Service at large. 

t This article is appearing in briefer form in the U. S. Naval Bulletin for the use of 
men overseas. 
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The year following Fleming’s discovery, Thom (1930)"*® in a compre- 
hensive monograph stated that outside of the ripening effect upon Camem- 
bert and Roquefort cheeses, the possibilities of usefulness of the Penicillia 

—a group of hyphomycetes which produced conidial fructifications in the 
form of a brush or broom (L. Penicillus, penicillum, pencil, so named in 
allusion to the tufts at the ends of the conidiophores)—remained unknown. 
The utilization of such an agent seemed to be confined to the laboratory, 
as Fleming (1930)* (1932)* reiterated the fact that penicillin had re- 
markable antibacterial properties and was useful in isolating bacteria one 
from another. At the same time, he, as well as Clutterbuck (1932),” 
identified the mold as Penicillium notatum Westling. Later, Reid (1935)'!™ 
investigated a large number of hyphomycetes, and found that only Flem- 
ing’s mold had any antibacterial effect. 

Here the matter rested until Florey, Abraham, Chain, and others 
(1940)! (1941),? perhaps stimulated by the work of Dubos (1931-1940) 
published comprehensive reports of their investigations of penicillin. 
These reports were so enthusiastic that large numbers of investigators 
have since been stimulated into action in this field. 

The Media. Fleming**-*® stated that the mold grew in a variety of 
different media, but best in trypsin digest broth. Later, Abraham? 
recommended Clutterbuck’s” modification of the synthetic Czapek- Dox 
media: 


Sodium nitrate (NaNOs;) 
Potassium acid phosphate (KH2 PO.) 1.00 
Potassium chloride (KCl) 0.50 
Magnesium sulfate (MgSO.H:20) 0.50 
Ferrous sulfate (FeSO,H2O) . . . 0.01 


This formula was modified by McKee and Rake* who substituted brown 
sugar for glucose. Hobby et al.” reduced the amount of brown sugar to 
20 gm. and made other slight changes. Foster, Woodruff and McDaniel’ 
stated that formula containing brown sugar gave the best results, but 
suggested doubling the amount of sodium nitrate. They made a great 
number of modifications in the basal media, but failed to find any note- 
worthy improvement. However, ferrous sulfate and potassium chloride 
could be eliminated entirely, and the quantity of potassium and phosphate 
lowered considerably without reducing the penicillin-productive power of 
the mold. Kocholaty®® substituted manganese for iron, and others®® 
stated that the addition of zinc was helpful. The use of lactose (5%) 
was effectual in increasing antibacterial titer for some but not for others.5* 
Challinor buffered the media more by the addition of mono- and di- 
hydrogen phosphates.”° 

Lately, Taylor" compared the growth of P. notatum upon Czapek-Dox 
synthetic medium, Difco stock heart infusion broth, and Amigen (a trade 
name for a product consisting of an enzyme digest of purified casein and 
pork pancreas in which the proteins were hydrolyzed to 75% di- and tri- 
peptides). According to him, the growth was far better on Amigen than 
on any other substrate. 

Growth. Only known identified strains of the highest potency were 
selected, and these were rigidly controlled to prevent degeneration.®® 1% 
The number of vegetative transfers was reduced to a minimum. A con- 
venient method of keeping cultures at a high level was by allowing sporu- 
lation of the mold, mixing the spores with dry sterile sand, and drying 
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the mixture at low temperature as needed. Spores from this master race 
were sown upon suitable media. Frequently, the mold was grown first 
upon a slope of Sabouraud’s media, from which a spore suspension was 
made by shaking with sterile water, and implanting upon sterile media. 
After inoculation, the shallow medium (1.5 to 2 cc.) was not disturbed so 
that the growth did not conglomerate into balls.2 A delicate fluffy 
growth appeared 24 hours later on the bottom of the vessel, reached the 
top of the solution on the 3rd day, and soon the whole surface was covered 
with a dry mycelium which began to turn green almost immediately. By 
the end of a week, the growth consisted of a compact continuous wrinkled 
dark green felt whose upper surface containing yellow spores could not 
be wetted with water. Later, the mold became faded and gray. The 
substrate gradually turned yellow during this period of growth from a 
pigment, chrysogenin, which had no antibacterial action.” However, 
penicillin of high assay value was rarely found in the absence of this pig- 

The mold flourished at 22° C. (range 20° to 26°), but failed to grow at 
37° C. Growth occurred over a wide range of oxygen tensions, but not 
anaérobically.2. The production of penicillin was, in part, dependent upon 
the reaction of the media.?*®-""7_ The reaction began at the neutral point, 
reached pH 3 at the end of the 3rd day, gradually rose to pH 5 to 6, and 
finally, as the color of the mycelium faded, became alkaline. The pro- 
duction of penicillin was maximum slightly below the neutral point. 

Yield. Usually the yield was 2 to 4 (rarely 6 to 8) Florey units per ce. 
of culture fluid. As noted above, changes in the culture media made 
some difference in the amount of penicillin. Certain strains produced 
more penicillin than others.5*:%.88 Challinor?® decreased the time required 
for maximum production from 10 to 15 days* down to 5 to 6 days by the 
addition of 0.1 to 1 cc. of media from a previous batch to 200 cc. of the 
current substrate. McKee and Rake* found that while highly active 
filtrates were obtained in 10 days after original inoculation, reflooding the 
used fungus with fresh media caused a maximum concentration of penicillin 
within 6 to 7 days. There was no relation between the size of the thallus 
and the antibacterial titer."” 

Parasites on the Mold. Dobbs,*° in emphasizing the importance of keep- 
ing the culture media sterile, stated that Piptocephalus was parasitic on 
P. notatum. 

Large-scale Production. While the method of growing the mold in shal- 
low media described above is of historical interest, almost all manufacturers 
now use a modification of the technique described by Clifton.*"* He con- 
structed a tube containing a column of wood shavings 43 feet long. The 
top of the apparatus contained two holes, one for the passage of culture 
media (Czapek-Dox containing 4% glucose and 0.1% Difco yeast extract) 
und the other for the admission of a stream of air. After the column 
was sterilized by steam, the shavings were wet with culture media, and 
P. notatum was introduced. The medium was allowed to flow at the rate 
of 600 to 800 ml. daily. While the prevention of bacterial contamination 
was a problem, it was not insurmountable, and it was believed that this 
method offered the best possibility for the production of penicillin in large 
quantities. 

Penicillin. Extraction and Purification. Penicillin was obtained pri- 
marily from the substrate, but a small amount was found in the thallus.'” 
The most detailed account of the production of penicillin was recorded by 
Abraham, Chain, Florey and others? as follows: The filtered, chilled 


664 PROGRESS OF MEDICAL SCIENCE 
(40° C.) culture fluid was acidified with 10% phosphoric acid to pH 1.9, 
and extracted in lots of 2 liters with an equal volume of amyl] acetate. 
The solution (in 2 liter lots) was mixed with 400 cc. of water; N/30 baryta 
water gradually was added to bring the pH to 6.2. The resultant deeply- 
pigmented red-brown solution was filtered, and treated with animal char- 
coal. The mixture was filtered, chilled to 4° C., and one-third volume of 
cold ether was added. The watery layer, acidified to pH 1.9 with 10% 
phosphoric acid, was extracted with vigorous shaking. Three extractions 
done in this manner were followed by passage through an alumina col- 
umn 50 em. long, with the formation of the following chromatogram: 


(1) Dark brown layer—containing small amounts of penicillin. 

(2) Light yellow layer—containing bulk of penicillin. 

(3) Orange or lemon yellow layer—containing small amounts of penicillin. 
(4) Purple layer—containing no penicillin. 


The second fraction separated mechanically from the others was eluted 
4 times with M/15 phosphate buffer (pH 7). The combined yellow eluates 
were extracted thrice with ether at pH 2. From this, the penicillin was 
returned to aqueous solution by adjustment to pH 6 with N/30 baryta 
water. The inactive pigment remained in the ether layer. The active 
substance was again extracted with ether, and the solution was passed 
through another alumina column. The same layers were obtained but 
only the second fraction was used. The process of purification was 
repeated as above. 

The next step was reduction with aluminum amalgam, following which 
the solution was cooled to 4° C. and extracted with amyl acetate. The 
amyl acetate was then extracted with water at pH 7. The aqueous solu- 
tion was reéxtracted at pH 2 at 5° C., and passed through an alumina 
column. This time only 3 fractions were obtained: 


(1) Very light brown. 
(2) Almost colorless. 
(3) Greenish yellow. 


Division of the column was facilitated by observation in ultra-violet 
light, because the first and third fractions were fluorescent. The penicillin 
was eluted from the second fraction with phosphate buffer. After 2 further 
chromatographic adsorptions from amy] acetate, the resulting column was 
almost colorless and homogenous. Elution with phosphate buffer, ex- 
traction with amyl acetate, and reéxtraction with N/30 baryta water at 
pH 5 yielded on lyophilic drying a faintly yellow barium salt of penicillin 
with an activity of 500 units per mg. Dawson, Meyer and others?*-® ad- 
justed the culture media to pH 3~4, saturated it with ammonium sulfate, 
and extracted the product with chloroform. The active agent was removed 
by phosphate buffer at pH 7.2. Extraction with chloroform and buffer 
was repeated, and less acidic pigments separated from most active frac- 
tion by chloroform extraction at different acidities. The penicillin was 
obtained as a free acid by precipitation from petroleum ether or as am- 
monium salt by saturation of a chloroform-benzol solution with dry 
ammonia gas. According to Catch, Cook and others'** the most satis- 
factory method was by chromatographing from an organic solvent upon 
a column consisting of a water-retentive support (silica gel) associated 
with an organic base such as a hydroxide or carbonate of alkali or alkaline 
earth metal. The latter was applied either in the form of a dilute solu- 
tion in water or was precipitated on a carrier before use. The penicillin 
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was extracted primarily on the relative strengths of the component acids 
of the media. 

Properties. Penicillin has been obtained in the form of a free acid 
and the salts of barium, potassium, sodium, ammonium calcium, silver 
and strontium.?*.5.8.28.54,55,70¢,90 Penicillin is partially soluble in ether at 
pH 7.2, completely soluble at pH 2, but insoluble in alkaline solutions.” 
[t is freely soluble in water, weak saline solution, alcohol, ethyl acetate 
and dioxan. Penicillin is less soluble in benzene, chloroform and carbon 
tetrachloride. The salts are hygroscopic, the barium salt less so than 
the others. All rapidly lose their activity on exposure to air. The 
strongly dibasic acid is extremely unstable, probably from the lability of 
free carboxyl groups.® Penicillin, in the form of the acid or its salts, is 
easily oxidized by potassium permanganate and hydrogen peroxide, but 
is less sensitive to reducing agents. It is unstable toward dilute acids, 
alkalis, various heavy metal ions® and moist organic bases such as aniline, 
methyl aniline and dimethyl aniline. Penicillin may be treated for 1 hour 
at 56° C. or boiled for a few minutes without loss of activity; autoclaving 
at 115° C. for 20 minutes completely destroys it.“* Penicillin does not 
reduce Fehling’s solution, but the blue color changes to green from forma- 
tion of complexes. The barium salt is strongly dextro-rotary,’ but the 
strontium salt is optically inactive."® 

The empirical formula has been suggested by Abraham and Chain,'® 
who analyzed the dried barium salt with the following results: C—44.3, 
H—4.85, N—4.13, C—Me 11.6, Ba—22; no phosphorus, sulfur, or O Me; 
no easily reducible double bonds. From this, they suggested the formula 
of 640-645) or A formula containing 
C., was not excluded. These formulas agree essentially with that ven- 
tured by Catch, Cook and Heilbron:'* C:3HyOuNSr. Some steps have 
been taken towards establishing the structural formula by Holiday.” 
‘rom spectographic examination (maxima at 247 and 300 micra), he 
suggested the possible characteristics: polysubstituted hydroaromatic 
ring; acidic groups, probably carbonyl; and possibly the presence of a tri- 
substituted a8 unsaturated ketone group. 

The molecule has been ruptured by Abraham‘ and Catch.'* Apparently, 
the following substances were formed: 


( 


1) Carbon dioxide. 
(2) 


Colorless water-soluble acid, which on further hydrolysis gives rise to 
a simple peptide. 

(3) Yellow insoluble pigment (CigH 200 or CieHig0;H:0). 

(4) Acetaldehyde. 


Assay. A completely satisfactory method of assay is not available at 
the present time. A need for the establishment of a suitable method is 
pressing, particularly for the determination of antibacterial titer of penic- 
illin in the substrate of the culture. Foster*’ formulated the requirements 
of a suitable assay: no pretreatment, accuracy, results available shortly, 
readings unequivocal, and the demonstration that only one penicillin is 
present. 

The various methods may be classified under one of the following basic 
principles: 

l. Ozford Cup. The progenitor of this method was that of the hole or 
agar cup technique described by Fleming.*** Florey et al. modified the 
method by implanting tiny glass or porcelain cylinders containing penic- 
llin in nutrient plates heavily seeded with Staphylococcus aureus. The 
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plates were incubated for 12 to 16 hours at 37° C., and the surrounding 
zone of bacterial inhibition read. A standard solution produced an aver- 
age zone of inhibition of 24 mm., which was defined as a Florey (Oxford) 
unit. While keeping the basic technique, Foster and Woodruff intro- 
duced an important modification. They stated that since attempts to 
stabilize cultures of S. awreus were fraught with difficulty, a sensitive strain 
of Bacillus subtilis was substituted. They found that not only were there 
larger zones of inhibition, reducing the percentage deviation of error in 
measuring them, but also the zone edges were knife sharp, with the 
growth of organisms standing in clear contrast to the zone of inhibition. 
Recently, Dowdy and the Vincents* substituted paper disks saturated 
with penicillin for the cylinders. 

2. Serial Dilution. This was done in tubes containing nutrient broth 
or upon agar plates. The essential points of the plate method were as 
follows: various amounts of the sample were mixed with 10 cc. melted 
agar, which after solidification, was streaked with a test organism. The 
plates were incubated overnight, and the concentration which inhibited 
the growth was read. 

A popular technique was titration in liquid broth. Fleming® used a broth 
consisting of peptone (1 gm.), sodium chloride (0.5 gm.), glucose (1 gm.), 
Andrade’s indicator (1 ce.) and water (q. s. to 100 cc.). A 3mm. loop 
from a 24 hour broth culture of S. aureus was inoculated into 5 cc. of the 
media. Serial dilutions of penicillin were made, and added to the broth. 
After incubation for 24 hours, the end-point was the appearance of a red 
color in the media. From a comparison between a known standard and 
the unknown, the latter was calculated. 

Rammelkamp™ tested the susceptibility of a number of organisms to 
the action of penicillin. Hemolytic streptococci were found to be 4 to 
16 times more sensitive to penicillin than staphylococci, and hence these 
organisms were to be preferred. The test organism was a 12 hour broth 
culture of a Group A strain of hemolytic streptococci, which was inoculated 
into veal infusion broth containing 1% erythrocytes. This was diluted 
so that the final number of organisms varied between 1000 and 10,000 per 
cc. Two series of tubes were set up: one for the unknown and the other 
for the control. The latter contained 20 Florey units per cc. of 0.85% 
normal saline solution. Serial dilutions were made in the accepted 
manner, incubated for 18 hours, and the tubes were then examined for 
hemolysis. The end-point was usually clear, but as a check for sterility, 
the contents of the tubes on both sides of this point were streaked upon a 
blood agar plate. Calculations made from comparison of the end-points 
of the unknown and control gave the concentration of the drug in the 
unknown solution. 

Hobby, Meyer and Chaffee” modified the method slightly by using a 
standard strain of hemolytic streptococcus (C 203 M). Their end-point 
was the failure of a given dilution of penicillin, culture media and erythro- 
cytes to develop turbidity after 24 hours. They reported the activity of 
penicillin as the number of micrograms necessary to inhibit the growth of 
2 to 4 million hemolytic streptococci. Recently, Wilson’ described a 
test based upon the inhibition of hemolytic streptococci using 5% washed 
sheep cell suspension as an indicator. She stated the results could be read 
within 4 hours. 

Since the Florey (Oxford) unit as defined above did not apply to the 
serial dilution method, Florey and Jennings™ defined this unit in terms of 
the latter as follows: A unit is that amount of penicillin which when dis- 
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solved in 50 cc. of meat extract broth completely inhibits the growth of a 
test strain of S. aureus. Expressed differently, a meat extract broth 
containing | unit of penicillin per mg. just inhibits the growth of S. aureus 
in dilutions of 1 to 50,000. 

3. Turbidimetric. Foster et al.* 57.58 stated that the inhibition of growth 
of a culture of S. aureus in liquid media was a function of the penicillin 
concentration, and that the turbidity of the mixture as measured by a 
colorimeter was in inverse ratio to the strength of the penicillin. Recently, 
the technique was modified by the substitution of B. adhzrans for S. aureus. 
The time required for an end-point was reduced to 3 to 5 hours. This 
method was peculiarly suitable for use in assaying substrates. 

4. Other Methods. Foster and Wilker® described assays with which they 
had little success: 


Methylene blue reduction of washed cells of susceptible organisms. 

Inhibition of luminescence in cultures of luminescent bacteria. 

Microscopic observation of cessation of motility of bacteria. 

Microscopic observation of the appearance of enlarged or involuted cell 
shapes. 


5. Titration of Acid Formed by Lactic Acid Bacteria. As noted above, 
the ideal method of assay has not been suggested. However, the easiest 
and most practicable for routine use is the technique of serially diluting 
the penicillin in tubes containing broth, test organism and erythrocytes. 
However, this as well as the other methods, has disadvantages, which 
Foster and Woodruff*’ have summarized: 


(1) Oxford Cup. (a) Affected by the pH of the media. (b) Organism and 
penicillin must be inoculated within a very short time of one another. 
(c) The presence of a halo may make reading of the end-point difficult. 

(2) Serial Dilution (Liquid Broth). (a) Sterile samples are necessary or else 
sterility is effected by passage through a Seitz filter. (b) End-point 
may not be definite. 

(3) Serial Dilution (Plate Method). (a) Affected by changes in pH. (b) 
Presence of bacteria containing penicillinase may affect end-point. 
(c) Tedious. 

(4) Turbidimetric. (a) Large quantity of sample necessary. (6) Too diffi- 
cult for routine use. 


Relatives of Penicillin. In the literature one finds the names of related 
and degradation products of penicillin. It is impossible to predict which, 
if any, are identical, which will be discarded, or what new substances will 
be added subsequently. 

Penicillin B. Roberts,!°* Van Bruggen"™ and others isolated a substance 
which they called penicillin B to differentiate it from the original penicillin 
of Abraham. The first report stated that this compound was readily 
separated from the culture media by adsorption upon benzoic acid, and 
purified by repeatedly dissolving in acetone. Subsequent reports stated 
that penicillin B was better extracted by precipitation with uranium 
acetate, centrifuging and siphoning*off the supernatant fluid. The latter 
was washed with water, and extracted with a volume of 0.2 M phosphate 
buffer sufficient to give the mixture a creamy consistency. After standing 
for several hours, the mixture was centrifuged, reéxtracted, and finally 
salted out with ammonium sulfate. Penicillin B occurred as a light yel- 
low readily-soluble powder, which gave positive tests for protein. Study 
suggested that it was a flavo-protein of enzyme nature. It was lethal to 
both Gram-negative and positive organisms, but the presence of glucose 


(1) 
(2) 
(3) 
(4) 
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was necessary for its antibacterial action. The glucose was oxidized 
R. CHO + H,O + O. — R. COOH + H,02) with the formation of hy- 
drogen peroxide, to which antibacterial action was attributed. Unfortu- 
nately, penicillin B was toxic to mice, although non-cumulative; attempts 
to detoxify it were unsuccessful. 

Penatin. Kocholaty’®**:* stated that certain strains of penicillin 
differed not only in the rate of production of penicillia, but also in the 
compounds produced. He isolated a substance called penatin, and pre- 
pared it by adsorption with kaolin at pH 4, elution of the washed kaolin 
with pyridine or sodium phosphate at pH 6.3, followed by precipitation 
with dioxane. The product was dissolved in water, then dried by the 
lyophilic method. Penatin was a yellowish hygroscopic powder com- 
pletely soluble in water. While it was sensitive to alkalies, it was more 
resistant to acids. Penatin far surpassed penicillin not only because it 
was bacteriostatic in dilutions of 1 to 400 millions, but also because it 
was antagonistic to certain Gram-negative organisms (FE. coli and Brucella 
abortus). 

Notatin. The co-workers of Coulthard” isolated a substance prepared 
by concentrating the culture filtrate to one-fifth its volume under mild 
conditions, and precipitating the concentrate with acetone or tannic acid. 
In the latter case notatin was extracted from tannic acid with acetone. 
Regeneration of the crude substance was effected from complexes formed 
with tannic acid or Reinecke’s salt. Notatin was a buff-colored powder 
freely soluble in water, but insoluble (6.7%), nitrogen (11.8%) and 
phosphorus (0.58%). It exhibits many of the reactions of protein, and 
has a molecular weight of 73,000. Since it has absorption spectrum 
maxima of 280, 375 and 465 mr, it is classified as a yellow enzyme. Nota- 
tin, an aérodehydrogenase, executes its activity only under certain well- 
defined conditions: presence of oxygen and glucose and the absence of 
appreciable amounts of catalase. Its antibacterial activity may be due to 
the liberation of hydrogen peroxide.“* The best preparations com- 
pletely inhibit the growth of S. aureus in dilutions of 1 to 1 billion, and it 
is active against Streptococcus hemolyticus, Diplococcus pneumoniz, Eber- 
thella typhosus and paratyphosus, Vibrio cholera, Bacillus anthracis and 
B. proteus vulgaris. 

Comparison of Penicillin B, Penatin and Notatin. Birkinshaw and 
Raistrick,“* Foster** and others pointed out that these 3 substances 
were probably identical, and that their formation was dependent upon the 
pH of the media. Normally, using materials inherently impure containing 
traces of heavy metals (zinc, copper, manganese) or organic supplements 
(yeast extract), the pH underwent normal variations. However, ex- 
tremely pure ingredients effected no secondary rise in the pH which re- 
mained at pH 3.4. It is at the latter ranges that the above substances are 
formed, and it accounts for the presence of notatin (penatin, penicillin B, 
coli factor of Waksman and Woodruff) in many cultures of P. notatin. 
In a word, notatin is formed in acid media, while penicillin is produced in 
neutral media. It is possible that different strains vary in the production 
of each.5% Of the substances isolated, notatin seems to hold the most 
promise, for it adds a number of organisms to the growing list of those 
adversely affected by products of the growth of P. notatum. 

Penicidin. This was reported by Atkinson,!°" who noted that a certain 
penicillum (mold 9) produced a substance which was inhibitory to Gram- 
positive and negative organisms. The mold grew on a modified Czapek- 
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Dox media at 18° to 20° C. for 5 days, after which the active component 
was removed by concentrating the substrate in vacuo to one-tenth its orig- 
inal volume, filtering, adjusting to pH 7, and extracting with ether for 
several hours. The ether extract was washed with water, adjusted to 
pH 4, and the penicidin was removed by dilute acid. The reaction was 
changed to neutral, the material was reéxtracted with ether and evapo- 
rated in vacuo toa small volume. The addition of petroleum ether caused 
an immediate precipitate which on standing in the cold settled out as a 
pale yellow oily layer of incompletely purified penicidin. Penicidin was 
relatively heat-resistant; not readily destroyed by hydrochloric and sul- 
furic acids; easily inactivated by potassium and barium hydroxides; 
soluble in chloroform, benzene, ether, ethyl alcohol and dilute mineral 
acids; and insoluble in petroleum ether. Penicidin was active against 
Lberthella typhosus in dilutions of 1 to 100,000. 

Penillic Acid. Duffin and Smith*? and Oxford, Raistrick and Smith 
reported that highly active penicillin preparations kept at pH 2 exhibited 
a rise of optical activity, which, after reaching a maximum, remained 
constant. Following this phenomenon, only part of the penicillin pre- 
viously extractable by ether could be obtained. The remaining substance, 
a constituent of the molecule of penicillin, was strongly dextro-rotatory 


| + 600). The acid, which when in solution had a pale blue fluores- 


cence in ultra-violet light, crystallized from water in brilliant rhombo or 
hexagonal plates. It had some of the properties of amino acid, and it 
did not give a blue color with ferric chloride—a characteristic of penicilla- 
mine. 

Penicillamine. 'This was obtained by Abraham, Chain et al.* by hydro- 
lyzing barium penicillin at 100° C. for 1 hour by N/10 sulfuric acid. The 
base thus recovered was precipitated from a concentrated solution by 
bichloride of mercury. After demercurizing with hydrogen sulfide and 
evaporation at room temperature under diminished pressure, a mass 
of homogenous crystals (penicillamine) was obtained. Penicillamine had 
the formula of CsHyOsN*HCl(CsHi2O. + NH; — 2H2O), was optically 
inactive, and seemed to be an integral part of the penicillin molecule. The 
nitrogen was in the form of an amino acid group, although not typical of 
an alpha-amino acid. Among its other properties, it gave a deep blue 
color with ferric chloride, reduced ammoniacal silver nitrate on gentle 
warming, and produced a green color with Fehling’s solution. The exact 
significance of this degradation product was unexplained. 

Esters. Although Abraham and Chain® were unsuccessful in their 
attempts to esterify penicillin by the action of various alkyl iodides on 
the silver salt, this did not deter Meyer et al.*'.* who successfully prepared 
methyl, ethyl, n-butyl and benzohydryl esters by letting the free acid of 
penicillin react with the corresponding diazo compound. The ethyl and 
normal butyl esters appeared to be stable and were not destroyed by acids. 

Antibacterial Actions. Susceptible and Naturally-resistant Organisms. 
Fleming*® noted that penicillin acted best against pyogenic cocci and the 
diphtheria group while Gram-negative bacilli were insusceptible. Sus- 
ceptibility occurred in a 1% solution; or, if the organism were resistant, 
did not take place in a 10% solution. The first use of penicillin was a 
laboratory aid to prevent the growth of more robust organisms in a 
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mixed culture.” In fact Fleming (1932)* stated penicillin’s main 
uses were: 


(1) To isolate hemophilic bacteria such as B. pertussis and B. influenzx 
from streptococci and pneumococci. 

(2) Isolation of one partially insensitive microbe in pure culture from a 
mixture of more sensitive organism (acne bacillus from staphylococci). 


Bornstein" stated that 27 strains of enterococci representing Sherman’s 
4 types and 6 strains of S. lactis were resistant. Mycobacterium tubercu- 
losis was resistant according to Abraham and Chain,? Herrell,*? and 
Robinson."° The fact that certain organisms were susceptible and others 
were not stimulated Abraham and Chain! to investigate this problem. 
They crushed B. coli, and produced an extract which, upon incubation at 
37° C., destroyed the growth-inhibiting properties of penicillin on S. aureus. 
This extract apparently contained an inhibiting enzyme which was called 
penicillinase. This substance was not present in the supernatant broth 
from cultures of B. coli” or in cultures of S. aureus. Apparently, penicillin 
was not destroyed by penicillinase but merely inhibited its action.2 The 
presence of this enzyme may determine whether an organism is normally 
resistant to penicillin. Recently, Harper® found that the best source of 
penicillinase was the paracolon bacillus. The product prepared from this 
organism actively destroyed penicillin rather than merely causing inhibi- 


stra 
(3) Separation of Gram-negative cocci from other mouth organisms, of | 
(4) Demonstration of bacterial antagonisms. the 
The chief use, then, of penicillin was as a laboratory aid until the work of whi 
Abraham, Florey et al.” resulted in the impetus necessary to use the drug res 
inman. Since then, lists of organisms against which penicillin was found mit 
to be active have been published by several authors;?*** but the list kan 
usually referred to is that of Dawson et al.** and Hobby, Meyer and ing 
Chaffee,” which summarized the susceptible and resistant organisms: in’ 
en 
Susceptible Insusceptible an 
Pneumococcus Hemophilus influenze va 
Strep. hemolyticus B. coli we 
Staphylococcus B. typhosus it} 
Meningococcus B. dysenteriz C: 
Gonococcus B. proteus St 
Strep. viridans B. paratyphosus A 

B. subtilis B. enteritidis bi 
Clostridium welchii B. pyocyaneus 
Vibrion septique B. fluorescens a 
Clostridium histolyticus B. prodigiosus th 
B. sporogenes Friedlander’s bacillus 0) 
B. edematiens S. albus—1 strain Ww 
B. sordelli Micrococcus albus—1 strain o! 
Lactobacillus Monilia albicans t] 
Cryptococcus hominis Monilia kruzei u 
Monilia candida n 
Certain strains of Actinomycosis bovis were reported to be susceptible ; 
by Abraham and Chain? and by Herrell.*? Kocholaty”® stated that penic- ‘ 

illin had a weak action against B. abortus. Hobby, Meyer and Chaffee™ 
made a study of the relative susceptibility of pneumococci, streptococci 
and staphylococci by determining at intervals the number of survivors in 
a standard solution of penicillin. They found that resistance increased 
in the order named. | 
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tion. He suggested that the dried powder may be advantageously em- 
ployed to inhibit the action of penicillin in blood cultures. 

Induced Resistance. Since it was well known that organisms became 
resistant when exposed to sulfonamide drugs,** the question arose whether 
bacteria became resistant to penicillin. McKee and Houck® passed a 
strain of pneumococcus (Type III) through broth containing an amount 
of penicillin which first permitted growth. After 26 consecutive passages, 
the culture became resistant to 10 times the greatest amount of penicillin 
which previously permitted growth; after 55 passages, 30-fold more 
resistant. Increase in resistance was associated with loss of virulence in 
mice, which was not restored by serial passages through mice.*’ Rammel- 
kamp and Maxon" stated that although growing staphylococci in increas- 
ing concentration of penicillin engendered resistance, there was a reduction 
in the growth velocity of the resistant strains, but no penicillin-destroying 
enzyme was demonstrated. Schmidt and Sesler™ reported that the rate 
and degree at which resistance to penicillin developed in pneumococci 
varied significantly with various strains, and that established resistance 
was maintained for considerable periods. The development of insensitiv- 
ity in vitro was accompanied by a similar quality im vivo. Schnitzer, 
Camagni and Buck" found that small colony variants (G forms) of 
Strain 314 of S. albus were induced by the action of penicillin. ; 

Mechanism of Action. It was agreed that penicillin was bacteriostatic,>"° 
but may be bactericidal under certain conditions.”*’: When steriliza- 
tion of a culture did not occur, there was always a marked reduction in 
the number of organisms” according to Abraham,’ bacteriostasis for 
oxygen uptake of colonies of bacteria exposed and unexposed to penicillin 
was the same; furthermore, staphylococci removed from the noxious effect 
of the drug continued to grow. Penicillin did not act like any other 
therapeutic agent in that it was not a detergent, not hemolytic, and was 
unaffected by the presence of pus, products of tissue destruction, large 
numbers of bacteria and para-amino benzoic acid.?*°°®7. Jn fact, the 
last-named substance enhanced its antibacterial effect. on B. subtilis. 
Erythrocytes and plasma did not inhibit its action.'” Penicillin was 
effective only during the multiplication of bacteria.“ Pulvertaft® sug- 
gested that the effect of the drug was upon bacterial fission—not upon 
the metabolism and growth of the individual organism. Penicillin was 
not absorbed or destroyed by bacteria. With exception of staphylococci,™ 
lysis of bacteria did not occur.” However, Gardner®® noted certain mor- 
phologic changes, the more important of which were spherical enlarge- 
ment of cells, incomplete fission, and, in the case of streptococci, increased 
length of chains. Even Gram-negative organisms exhibited elongation of 
of cells. There was no change in the structure of the meningococcus. 

Comparison of Sulfonamides With Penicillin. Resistance to sulfona- 
mides did not indicate resistance to penicillin.“ McKee and Rake,* 
Tillett, Cambier and Harris reported that strains of pneumococci resis- 
tant to sulfonamides were susceptible to the action of penicillin. Induced 
resistance of organisms to penicillin was acquired only after prolonged 
exposure, but resistance to sulfonamides was' attained more readily. 
Fleming,®® after studying in vitro the inhibitory powers of sulfathiazol and 
penicillin against staphylococci and streptococci, came to the conclusion 
that penicillin was 4 times more potent than sulfathiazol. Powell and 
Jamieson® conducted a similar experiment in mice infected with staphylo- 
cocci, and found that the survival rate of the ones treated with penicillin 
was approximately twice of those treated with sulfathiazol in experimental 
ocular lesions caused by the staphylococcus. 
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The entire problem was well summarized by Florey et al.? who stated 
that while penicillin resembled sulfonamides in its bacteriostatic action, 
it had a number of advantages: 


(1) Its action was stronger. ; 

(2) It was influenced only to a minor extent by the number of bacteria to 
be inhibited. 

(3) It was not hydrolyzed by hydrolytic protein products or pus. 

(4) It combined low toxicity to cells with powerful bacteriostatic action. 


Pharmacology. Absorption. Saliva did not inactivate the bitter tasting 
drug, but the hydrochloric acid of the stomach (not the pepsin) rapidly 
destroyed the active portion.**:®* When the stomach was by-passed by a 
duodenal tube, penicillin was absorbed from the intestine?! without 
damage to the living cells.'"* Rectal administration was precluded because 
of the destructive action of penicillinase.' The drug was slowly absorbed 
after subcutaneous injection, and there was a long delay before it appeared 
in the blood stream. The concentration did not reach the levels attained 
when it was given intramuscularly or intravenously.’ Intermittent 
intramuscular administration caused a rapid rise in the blood level, but 
not to the same heights as intravenous injection. The concentration 
tended to remain at a peak for 30 to 45 minutes. Intravenous use caused 
a rapid rise in the serum level, which reached a maximum immediately 
after injection, but then a rapid fall occurred. Traces remained for 30 
to 210 minutes.'!” Absorption following introduction into body cavities 
was similar to the subcutaneous route.'!” 

In normal subjects, penicillin was both slowly absorbed and excreted 
following the intrathecal injection of 5000 to 10,000 units. The absorp- 
tion was more rapid in patients with meningitis." Abraham and Chain’? 
and Ayer” introduced penicillin intrasternally without harm, even the 
solid drug was introduced into a cerebral abscess without toxic effect. 
Penicillin was not detected in the cerebrospinal fluid following intravenous 
administration.) 

Blood. Although elevated temperatures inhibited penicillin, it was 
unlikely that the hyperthermia caused by febrile diseases caused any sig- 
nificant loss during the short time the drug remained in the body. Ram- 
melkamp and Keefer’ reported that the degree of antibacterial action 
was proportional to the concentration of penicillin in the serum. Maxi- 
mum effects against hemolytic streptococci were produced by concentra- 
tions of 0.019 to 0.156 Florey units per cc. of serum. Concentrations of 
at least 0.156 units were required for maximum bacteriostasis agains’ 
S. aureus. A suitable level was more easily maintained by the frequent 
injections of smaller amounts rather than the use of larger amounts less 
often.”8 

The action of penicillin upon leukocytes is a topic of importance, for it is 
upon these, after bacteriostasis was produced, that the ultimate destruc- 
tion of bacteria depends.? Florey** reported a fall of total leukocytes with 
a relative decrease in the neutrophils during the first 24 hours of the drug’s 
administration in mice; but a regeneration was noted within 48 hours. 

White blood cells, as recorded by Abraham,? were killed immediately 
in concentrations of penicillin of 1 to 100; 50% immobilized in dilutions 
of 1 to 250; and unharmed 1 to 500. This confirmed the earlier work of 
Fleming** who reported leukocytes were unaffected in penicillin solutions 
of 1 to 600. Leukocytes remained active in any concentration reached 
after intravenous administration. Penicillin did not penetrate erythro- 
cytes,” cardiovascular and respiratory systems. Except for transient 
reversible depression of a cat’s heart upon perfusion with penicillin solu- 
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tions (1 to 5000), there was no effect on these functions within limits of 
therapeutic dosage.'® 

Kidney. Slight evidence of tubular damage was reported in rats.'® 
Occasionally, in man, there was a slightly elevated blood urea (to 35 mg. 
per 100 cc.) unassociated with albuminuria during the administration of 
penicillin. Withdrawal of the drug caused a return of the urea to normal. 
‘Turner™ explained this curious fact as possibly caused by the inhibition 
of urease by penicillin. 

Excretion. Some penicillin was destroyed in the body**—possibly in 
the liver—but the exact location remains unknown. Incubation with 
slices of liver, kidney, spleen, muscle and so forth caused no noticeable 
destruction.2" The small amount of inactivation was related to the 
short time the drug stayed in the body. Rammelkamp and Keefer’ 
estimated that 37 to 99% of the quantity administered was excreted 
unchanged—principally within an hour—in the urine. An excretion rate 
of 50% was considered to be an average figure.'**® An increased volume 
of urine aided in the elimination of penicillin. Renal failure delayed 
excretion with a consequent rise in the concentration of penicillin in the 
blood.1 Rammelkamp and Bradley® suggested that the rapid excretion 
was caused by the passage of the drug through the renal tubules as well as 
the glomeruli. The administration of diodrast—known to be excreted 
by the tubules—decreased the loss of penicillin. The addition of such sub- 
stances as hippuran or phenol red may retard the elimination of penicillin 
by blocking the tubules. 

Toxicity in Animals. Hobby, Meyer and Chaffee” stated that the L.D. 
50 dose for an 18 gm. mouse was 32 mg. of the sodium salt. They pointed 
out that a cardinal symptom of toxicity was respiratory embarrassment 

choking, gasping, rapid respiration. The presence of the pulmonary 
phenomena following toxic doses (30,000 F. U. [0.5 gm.] per kg.) into mice 
was confirmed by Robinson."° Hamre et al.®* reported that the acute 
toxic dose to mice, rabbits and guinea pigs was low—about 100,000 units 
(1 gm.) intravenously. The last-named animal was more sensitive to 
large doses of subcutaneous penicillin, than the other two, but within the 
limits of therapeutic doses (100 units per kg.), none of the animals was 
harmed. There was little doubt that the doses given by various investi- 
gators were large, and it was generally agreed that penicillin was relatively 
non-toxic in doses far exceeding those necessary for therapeutic pur- 
poses.”* 85110 Although a complete histologic study of tissues of animals 
dying of large doses of penicillin—given rapidly or over a long period of 
time—has been contemplated,"® none has yet appeared. However, accord- 
ing to one group of authors, the pathologic change most frequently noted 
was pulmonary congestion.“ 

Toxicity. No deaths resulted from therapeutic dosages of penicillin. 
[mpurities remaining after extraction were believed to be the prime causes 
of reactions.*!4!° Since the drug now used is still considerably unre- 
fined, the elimination of foreign substances may decrease these reactions 
listed by Lyons :® 
) Chills with or without fever after intravenous injection. 

) Eosinophilia—20 to 30%. 

) Burning pain at the site of an intramuscular injection. 
) Headache. 

) Faintness and fiushing of the face. 

) Unpleasant taste following parenteral injection. 

) Tingling in the testes. 

) Muscle cramps. 

) Femoral phlebothrombosis. 
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Certain untoward effects may be caused by the drug itself. These 
were grouped by the same author as follows: 

1. Urticaria: This most common complication occurred in 5.7% of 
his cases. The condition, benefited by epinephrine, persisted for 3 to 
5 days, then disappeared. Fever to 103° F., abdominal cramps and 
eosinophilia were frequent concomitants. Although it was believed that 
this was an allergic manifestation, sensitivity tests were negative. 

2. Fever in Afebrile Patients. 

3. Transient Azotemia: A rise of 5 to 10 mg. of urea per 100 cc. of 
blood was not uncommon. Rarely did the urea concentration exceed 
35 mg. 

4. Thrombophlebitis: This may or may not be an inherent property 
of penicillin per se. This complication has become less frequent with 
further purification of the drug, use of dilute solutions, and by the daily 
change of the needle during the use of the continuous intravenous tech- 
nique. The intrathecal injection of 10,000 units, Rammelkamp and 
Keefer’ reported, produced headache, vomiting, increased pressure and 
phagocytosis in the cerebrospinal fluids; 5000 units caused only slight 
headache and hyperleukocytosis of the fluid. 

Administration. Penicillin is available in vacuum-packed ampules con- 
taining 5000, 10,000, 25,000, 100,000 and 1,000,000 units.”* The drug is 
readily soluble in distilled water, normal saline solution and 5% dextrose. 
The following methods of administration have been used or are now in 
vogue: 

1. Oral. Florey and Florey® covered 20,000 units with cellulose acetate 
phthallate, and found absorption was irregular. Subsequently, this tech- 
nique, together with the use of the duodenal tube, was abandoned.:: 

2. Continuous Intravenous. For almost all infections—particularly the 
severe generalized ones—this is the method of choice. The drug is dis- 
solved in the vehicle selected at a concentration of 50 to 100 units per cc. 
A needle is inserted into the vein, and anchored securely. To aid in 
preventing thrombosis, the needle is changed frequently. Except during 
the patient’s sleep or delirium, the extremity need not be confined. Ap- 
proximately half the daily dose is connected to the intravenous apparatus 
morning and evening. The first 200 cc. of the solution is given rapidly, 
after which then is a reduction in the rate of flow to 30 to 40 drops per 
minute. If there is any interruption in the flow of penicillin solutions, 
glucose or saline solution may be substituted, thus eliminating the neces- 
sity of removing the needle. The method is without major discomfort 
to the patient, and conserves the time of the medical personnel. 

3. Intermittent Intravenous. The calculated dose is administered in a 
solution containing 1000 to 5000 units per cc. every 3 hours. 

4. Intramuscular. In unskilled hands, the intramuscular injection into 
the gluteal or deltoid muscles is best.** The solution containing 5000 
units per cc. is injected every 3 hours. Some residual soreness may be 
eliminated by the use of saline solution instead of distilled water. 

5. Subcutaneous. The same strength solution used for the intramuscu- 
lar injection is prescribed. In both these methods, the site of injection 
must be changed frequently to avoid severe local reactions.** Because 
of the rapidity of the elimination of the aqueous solutions, Hobby, Meyer 
and Chaffee prepared homogenous pellets by grinding penicillin (1 part) 
and cholesterol (4 parts) as well as oily suspensions made by mixing the 
sodium salt in water and sesame oil. While these methods have been used 
in animals, they are so far impractical in man. The same group of investi- 
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,ators®*' successfully combined penicillin with certain aliphatic hydro- 
carbons to form esters. Their activity—both subcutaneously and orally— 
was undoubtedly due to hydrolysis. Although the oral dose approached 
the toxic dose, the margin of safety of the subcutaneous route was greater. 
Further work is required before this method can be fitted into the scheme 
of things. 

6. Topical. Penicillin diffuses poorly, hence it is used locally in wounds, 
infections of pleura and joint cavities and so forth. This is in addition to 
the other parenteral routes listed above. The powder and highly-concen- 
trated solutions are not used because of their highly irritating proper- 
ties.21:78.0 The solution of choice is isotonic saline containing 250 units 
per cc. This may be used as a spray or by immersing gauze in it. 
Mucous membranes of the nose or accessory nasal sinuses are unharmed 
by it. Recently, Robinson and Wallace!” suggested a dressing inocu- 
lated with penicillin too crude for parenteral use. Clark et al.”' prepared 
a cream composed of lanette wax, castor oil, water and penicillin espe- 
cially suitable for burns. 

7. Intraspinal. The drug has been used in solution intrathecally,':%-! 
intracisternally and as the solid drug directly into cerebral abscesses.” 
The exact strength of the solution to be given intrathecally has not been 
established. However, 10,000 units (5000 units per cc. of saline) has been 
injected twice daily without harm." 

8. Intranasally. Delafield and others*®® prepared a snuff composed of 
lycopodium (94 parts), menthol (5 parts) and penicillin (1 part). It aided 
in the reduction of pyogenic organisms, but was ineffectual in controlling 
the common cold. Sufficient clinical investigation has not been done to 
evaluate this type of therapy. 

Bloomfield pointed out that the administration of penicillin therapy in 
a hospital is best vested in a team consisting of physicians especially trained 
in the use of the drug plus the necessary technical help. This group 
evaluates the condition of the patient and prescribes the dose of penicillin. 
The preparation and injection of the drug together with the responsibility 
of keeping adequate records lies with the members of this committee. 

Therapeutics. The expression of precise dosages is premature at the 
present time. With continued purification of the drug, modifications will 
be made. However, certain general rules have been made, chiefly by 
Keefer’® and Lyons,® which are summarized below: 

1. Staphylococcal Infection With Bacteremia. Although penicillin is not 
inhibited by toxic products, the focus of infection if surgically accessible 
should usually be drained. Generally, a daily dose of 200,000 to 400,000 
units keeps the infection under control. As the patient improves, the dose 
may be gradually reduced (50,000 units a day). In assaying clinical 
improvement, too much regard must not be attached to the temperature 
chart, for lessening of pain, improvement of appetite, and a sense of well- 
being are equally important.© The total amount required may be 500,000 
to 2,000,000 units given over a period of 7 to 14 days. Penicillin does not 
control staphylococcal endocarditis.* 

2. Staphylococcal Infections Without Bacteremia. Moist dressings dipped 
in a solution containing 250 units of penicillin per cc. of salt solution are 
applied directly to the open lesions of osteomyelitis. Burns or pyogenic 
infections are favorably influenced by these wet dressings or a neutral 
cream containing penicillin.™*!_ The treatment of empyema requires the 
injection of 50,000 units in physiologic saline twice daily. In all these 
infections, supplemental intravenous or intramuscular injections are usu- 
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ally necessary. Penicillin has proved effectual locally in infections of the 
middle ear and of the cornea.":" 

3. Streptococcal Infections. Circumscribed infections are best drained, 
and treated with penicillin applied locally. With the exception of the 
resistant viridans,’'*? and thermophilic (foecalis) groups, a smaller dose 
(100,000 units daily) inhibits this type of infection. 

4. Gonorrhea. Mahoney and his co-workers™ report that 10,000 units 
given intramuscularly every 3 hours for 15 doses cured this disease satis- 
factorily. Florey and Jennings,™ Herrell®* and others find that a some- 
what smaller dose is satisfactory. It is generally considered that the 
injection of 100,000 to 150,000 units, using the continuous intravenous 
technique will cure almost all cases of gonorrhea." 

5. War Wounds. Lyons* and Thomson et al." report the largest 
experience to date. Because penicillin alone does not control the poly- 
microbial character of the wounds, surgical intervention is necessary. 
High concentrations of locally applied penicillin with adequate intravenous 
or intramuscular therapy are usually necessary. Both these excellent 
articles should be read in the original. 

6. Actinomycosis. 'Temporary improvement has been noted and clinical 
trials are in the process of being carried out. Apparently not all strains 
are susceptible. 

7. Biliary Infections. Since a small quantity of penicillin is excreted 
in the bile, the drug may be of some aid in the control of this infection.” 

8. Upper Respiratory Infection. Antiseptic snuffs containing penicillin 
lessen the number of pyogenic organisms in the nose,?* may have some use 
in the prophylaxis of diphtheria or meningitis,** but has no effect on the 
common cold. 

9. Syphilis. Preliminary trials by Mahoney have shown that penicillin 
may be of some value in the treatment of early syphilis; but no extensive 
clinical reports are available. The correct evaluation is a long-range 
problem. 

10. Malaria. This disease is not controlled by penicillin.® 
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A NEW CHOLECYSTOGRAPHIC MEDIUM 
By Harry M. Weser, M.D. 


GraHAM and Cole’ did their original work on cholecystography using 
the sodium salt of tetraiodophenolphthalein. Then, finding that the 
sodium salt of tetrabromphenolphthalein was apparently less toxic, they 
used and recommended this compound for a time. Later a more refined 
preparation of the iodo salt was made available which was found to be 
not appreciably more toxic than the brom preparation, but had the inher- 
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ent advantage that a smaller dose of it was required to produce satisfac- 
tory cholecystograms. Since that time sodium tetraiodophenolphthalein 
has been the cholecystographic medium of choice the world over. How- 
ever, it has never been considered the ideal preparation. In spite of many 
improvements in the technique of administration many patients experience 
disagreeable reactions such as nausea, vomiting and purging; it has not 
been possible to administer the compound in palatable form; occasionally, 
at least, the reactions have been severe enough to cast doubt on the 
validity of the cholecystographic findings. 

Researches to discover a more satisfactory compound for cholecysto- 
graphic purposes have been going on from time to time since the earliest 
years of cholecystography. In 1927, for instance, Kirklin and Kendall! 
had prepared the di-iodo-di-ethyl-ether of disalicylphthalein and had 
administered 10 gm. of the sodium salt of this compound in 100 cc. of water 
to patients. Their preliminary report on the use of this substance was 
most encouraging but the work was discontinued, presumably because the 
advantages that the new compound had to offer were too few over the 
refined preparations of tetraiodophenolphthalein and tetrabromphenol- 
phthalein which were being made available commercially by that time. 
Pribram" in 1926 had investigated a di-iodo-atophan, called biloptin, and 
found that while it was not very disturbing to his patients it was shown 
to produce renal and hepatic damage. In 1936" he reported his experience 
with another substance, another iodized quinoline derivative, commer- 
cially called choleselectan, but for some reason this substance was not 
made available for any worthwhile length of time. 

No other researches along these lines were reported in the roentgenologic 
literature in the first 15 years after the discovery of cholecystography. 
Since the chemical possibilities are so numerous it is probably fair to 
conclude that the search for a new cholecystographic drug was not very 
intensive after all, and this in turn might be advanced as testimony to the 
generally satisfactory qualities of tetraiodophenolphthalein. Its disad- 
vantages have proved in reality to be minor ones; experienced cholecysto- 
graphic interpreters have taken them into account to make the record of 
cholecystography with it a truly brilliant one. 

In 1940 Dohrn and Diedrich,’ of the laboratories of Schering-A.-G., 
Berlin, announced the synthesis of a new substance, 6-(4-hydroxy-3, 5-di- 
iodo-pheny1)-a-phenyl-proprionic acid, the sodium salt of which was made 
commercially available in Germany under the name “bileselectan.” It 
was passed out among numerous physicians over there at once and from 
the very beginning reports were uniformly favorable when not enthu- 
siastic. In the last year or two the same substance has been made avail- 
able in this country by the Schering Corporation under the commercial 
name of priodax. Apparently many roentgenologists and other physicians 
have given it a trial. 

Einsel and Einsel,® for instance, reported their experience with it in 
50 unselected cases. The dose was 3 gm. stirred in a cup of tea. No 
obnoxious symptoms were produced in any of the cases except that one 
patient complained of a mild burning in the “stomach.” These observers 
concluded that a single dose of 3 gm. of priodax administered orally pro- 
duced cholecystograms equal or superior to those obtained with other 
cholecystographic media and that freedom from nausea, vomiting and 
other indications of gastro-intestinal irritation was an outstanding feature 
of these examinations. Of further interest in this report is the observation 
that a good shadow of the gall bladder was obtained in 2 cases in which 


680 PROGRESS OF MEDICAL SCIENCE 


previously there had not been any cholecystographic response with sodium 
tetraiodophenolphthalein. 

Wasch" analyzed data on 134 cases in which priodax was used. In all 
but 33 of these a single dose of 3 gm. was administered suspended in water, 
fruit juice or milk. In the 33 cases a second dose of 3 gm. was given the 
following day, chiefly to check on the reliability of the original examina- 
tions. Wasch concluded that the new compound was absorbed readily 
by the intestine, that its administration was simple, that unfavorable 
reactions were negligible, that the double dose was not necessary and that 
in general priodax is a more desirable cholecystographic medium than 
sodium tetraiodophenolphthalein. He also quoted Junkmann® to the 
effect that because of the high alkalinity of solutions of the sodium salt 
of this new compound it is not practical to employ it intravenously. 

Marshall® analyzed the results of the cholecystographic examination of 
50 patients in which priodax was used. He gave 2 doses, each consisting 
of 3 gm. of the substance in tablet form, 1 after a light luncheon at noon, 
the other after a fat-free meal of tea and toast at 8 p.m. The tablets were 
swallowed whole. Marshall,” too, regarded these cholecystograms as very 
satisfactory. He concluded that priodax had advantages over sodium 
tetraiodophenolphthalein in that it seemed to him to be less toxic, it 
produced fewer disagreeable side effects, it did not act as a purgative and 
it seemed to be so completely absorbed in the intestine that no shadows 
of medium-containing intestinal loops obscured the region of the gall 
bladder. 

These reports are encouraging. The new compound is being used quite 
widely now and more will be heard about it. It will be interesting to note 
what further experience with it will reveal. Is it actually as harmless a 
drug as sodium tetraiodophenolphthalein has proved to be? The phenol- 
phthalein derivatives are excreted of course mainly via the intestinal tract. 
Junkmann? stated that from 61 to 83% of the new compound is excreted 
in the urine within 72 hours after it is taken by mouth; this is probably 
too slow a rate to cause appreciable harm even to previously damaged 
kidneys. That it is a more palatable way of taking a cholecystographic 
medium can hardly be questioned. The dose (3 gm.) is less than the 
conventional dose of tetraiodophenolphthalein (4 gm.) and a single dose 
seems to be adequate. Therefore, if priodax does come into more general 
use, it is possible that patients will no longer have to undergo the so-called 
double-dose technique ‘advocated in some quarters. 

If the new compound proves to be as harmless to patients as it is claimed 
to be, then it is possible that the cholecystographic evidence of cholecystic 
disease (failure of the gall bladder to accept and concentrate the media, 
and the manifestation of cholelithiasis) will become more reliable, if only 
a little. On the other hand, will the interpretation of the normal chole- 
cystographic response have to be modified? Will more diseased gall 
bladders show what is now called a normal cholecystographic response 
with the new medium than with the old? Use of the new substance in 
much larger numbers of cases in which cholecystographic findings are 
checked carefully with pathologic and with clinical findings will supply 
the answers to these questions. 

Some Peculiar Forms of Pneumonitis. Pleuropulmonary Involvement in 
Tularemia. Bihss and Berland! studied the roentgenographic findings in 
the lungs and pleura in 81 cases of authentic tularemia. They mentioned 
the 4 recognized clinical forms of tularemia, only to note that 72 of the 
cases were of the ulceroglandular, glandular or oculoglandular form and 
9 were classified as typhoidal. 
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Of the group of 72 cases there were 19 in which there was roentgenologic 
evidence of pathologic change in the lungs, pleura or mediastinal lymph 
nodes. In the earlier stages of the disease there was widening of the mid- 
mediastinal shadow on the roentgenograms, indicating enlargement of 
the lymph nodes of the region. It seemed to these observers that when 
extension to the parenchyma of the lung or to the pleura took place, it 
did so in retrograde direction from the enlarged mediastinal nodes. Par- 
enchymatous involvement was in the form of unilocular or multilocular 
consolidation, resembling typical or atypical bronchopneumonia; when 
the pleura became involved there was pleural effusion. 

Seven of the 9 patients who had typhoidal tularemia had pneumonia 
and 2 of them gave evidence of hilar adenopathy. In these cases the 
parenchyma of the lung seemed to be involved primarily, usually without 
preceding enlargement of the mediastinal lymph nodes. The pulmonary 
lesions consisted of one or more massive consolidations, manifested roent- 
genographically by large homogeneous areas of density. 

In the 53 cases of tularemia in which there was no evidence, clinical 
or roentgenologic, of pulmonary disease, there was but 1 death. Three of 
the 7 patients who had typhoidal tularemia and pneumonia died; 4 of the 
19 patients who had non-typhoidal tularemia and pleuropulmonary com- 
plications died. It has been pointed out frequently that pulmonary 
complications of tularemia have grave prognostic implications; here is 
more evidence to show that such complications are not necessarily fatal. 

Bihss and Berland! pointed out that symptoms referable to the thorax 
are often overlooked, especially when the local disease is severe and the 
patient is very toxemic. Two of their patients who had no respiratory 
symptoms and no physical signs of intrathoracic disease showed roent- 
genologic evidence of hilar adenopathy and patchy bronchopneumonia. 
It is possible that pneumonitis with or without involvement of the hilar 
lymph nodes is more common, even in the less severe cases of tularemia, 
than we think. When tularemia is complicated with pleuropulmonary 
disease the clinicoroentgenologic situation may be expected to be confus- 
ing, especially since the clinical evidence of respiratory involvement may 
not correlate well. Especially in regions where tularemia is relatively 
common, patients exhibiting pulmonary disease in any way atypical should 
receive the benefit of the diagnostic agglutination tests for tularemia. 

Pleuropulmonary Involvement in Coccidioidomycosis. Colburn*® studied 
the roentgenologic manifestations of the pulmonary lesions of 75 soldiers 
hospitalized during an outbreak of coccidioidomycosis which developed in 
association with army maneuvers in an area where the disease is endemic. 
The symptoms were prominently respiratory and usually developed within 
14 days after exposure. All of the patients had been exposed recently to 
spore-laden dust, so that the incubation period was within known upper 
and lower limits; all showed positive coccidioidin (intradermal) reactions; 
positive complement fixation tests or positive precipitin tests showing 
titers compatible with the stage and severity of disease present were 
shown by all, and none gave a previous history of exposure. 

In all but 3 of the cases there was definite evidence of pulmonary or 
pleural involvement. The lesions were of several types, depending 
chiefly on their anatomic distribution. In 29 cases the lesion in the lung 
was represented roentgenographically by a fan-shaped, mottled opacity 
extending from the hilus, the shadow of which was larger than was con- 
sidered normal; this was interpreted as interstitial bronchopneumonia 
with extension of the inflammatory process to the regional lymphatic 
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structures. In 18 of the cases the involvement seemed to be confined 
to the hilar or mediastinal lymph nodes. The roentgenographic evidence 
for this involvement was simply an increase of the hilar density. Fairly 
well-circumscribed, homogeneous masses in the parenchyma of the lungs, 
chiefly in the lower lobes, and almost always associated with abnormal 
hilar shadows, were observed in 20 instances. ‘These were considered to 
be lobular and sublobular exudative processes, probably essentially the 
same type of lesion as the interstitial bronchopneumonia described pre- 
viously. Cavernous lesions were observed in 3 cases and massive pleural 
effusion was observed in 2. 

Here, too, we are dealing with an infectious agent which often produces 
pulmonary lesions that resemble those produced in the more familiar 
forms of bronchopneumonia and lobar pneumonia so closely that the 
roentgenologic manifestations of all of them must of necessity be of the 
same kind. Coccidioidomycotic pneumonitis may be considered to be a 
form of atypical pneumonia. Taken by themselves the roentgenologic 
manifestations are not distinctive, a point which Colburn*® emphasized. 
In regions where this disease is endemic, if there is any encounter with a 
pulmonary lesion the clinical or roentgenologic features of which are out 
of the ordinary, infection with Ozdium coccidiosis must be considered 
among the diagnostic possibilities. 

Other Forms of Atypical Pneumonia.—In recent years a hitherto rela- 
tively unfamiliar type of pneumonia either has become more prevalent 
or is being recognized much more frequently than before. Cases occur 
chiefly in large and small epidemics and sporadically as well. Many 
names, most of them indefinite etiologically, have been used in the descrip- 
tions of cases. . The designation “ virus pneumonia” came to be employed 
widely if somewhat loosely, chiefly because it was so often impossible, to 
discover a pathogenic microérganism which could justifiably be considered 
to be the cause of the pneumonia that was present. Many observers, 
however, preferred to restrict the use of the term “virus pneumonia” to 
those cases in which one of the known viruses could be designated with 
certainty as the etiologic factor. They then used more or less descriptive 
pathologic terms, such as atypical pneumonia, acute pneumonitis, acute 
interstitial pneumonitis, focal pneumonia, acute diffuse bronchiolitis and 
many others like them, to identify the disease. 

That a virus was a possible, if not the probable, etiologic agent has not 
been denied, but the recovery of viruses is a notoriously difficult task and 
the facilities for the isolation and identification of them are not accessible 
to many physicians, so that the exact position of the viruses as etiologic 
agents in the cases of atypical pneumonia is being determined rather 
slowly. Several viruses are known to be able to produce the clinical 
picture, the prominent ones among them being those of influenza A and B, 
psittacosis, meningopneumonitis and rickettsias. As facilities for recover- 
ing and identifying these are becoming more generally available, it appears 
that a virus agent is being made responsible in more and more of the 
instances of the type of pneumonia under discussion. 

Although roentgenographic findings have been included in practically 
all of the reports of cases, the contribution of roentgenologists to the large 
literature which has accumulated on the subject of atypical pneumonia 
has been small, conspicuously so if consideration is given to the important 
part the roentgenologic examination of the lungs plays in the development 
of the clinical syndrome. One of the prominent features of the disease 
is that the symptoms and physical signs of pulmonary involvement are 
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disproportionately small when compared with the extent of pulmonary 
disease shown to be present at roentgenographic examination. It is true 
that one of the earliest and best descriptions of the disease as it occurs in 
epidemic form was made by the roentgenologist Bowen’ in a roentgenologic 
journal and an excellent description of the roentgenologic manifestations 
in the lungs was offered by Kornblum and Reimann" some 5 years later. 

Other than these there have been few, if any, formal considerations of 
this type of pneumonia in the American roentgenologic literature in the 
last decade; yet it is exaggerating only a little to say that this disease was 
discussed informally almost every time two or more roentgenologists got 
together in recent years. In 1943, however, there were several treatises 
on atypical pneumonia in the roentgenologic journals. There is so much 
uniformity in the reports that a review of all of the papers**."” individually 
seems superfluous. 

McCarthy’s” description of the pulmonary lesion as exhibited on 
roentgenograms seemed especially lucid. His experience was with 590 
patients who were admitted to a station hospital of the United States 
Army and whose disease was classified as primary atypical pneumonia of 
unknown origin. Roentgenologic evidence of pulmonary disease appeared 
about the 4th day of illness. 

According to roentgenologic findings the cases were divided into four 
groups. The largest number of cases fell into Group I. Early there was 
an increase in prominence of the hilar markings, usually greater on one 
side than on the other, and accentuation of the pulmonary markings. By 
the next day the evidence of pulmonary disease reached its maximum. In 
one or more lobes consolidation then developed which seemed to extend 
from the hilus. The consolidation was homogeneous and less dense than 
that of lobar pneumonia, since the pulmonary markings were visible 
through it. In Group II smaller, patchy areas of consolidation developed, 
usually in a single lobe. Some of these areas became confluent. The 
appearance resembled that of bronchopneumonia. In Group III the pul- 
monary change was in the form of thick strands radiating into the paren- 
chyma of the‘lung from the hilus. When upper lobes were affected, the 
resemblance to pulmonary tuberculosis was so great that serial examina- 
tions were necessary to rule this condition out. In Group IV the pulmo- 
nary markings were increased throughout but in addition there were 
numerous or innumerable small areas of consolidation which brought the 
picture of miliary tuberculosis to mind. Patients in this group were 
extremely ill and the course of the disease was unusually prolonged. 
McCarthy” noted that pleural involvement was rare in the cases he 
observed. 

Hufford and Applebaum® reviewed the roentgenologic and clinical find- 
ings in 27 cases which they observed in civilian practice. Only the roent- 

genologic aspects will be given consideration here. They emphasized 
that while the roentgenographic evidence of pulmonary involvement was 
the outstanding objective feature of their cases, the findings are not dis- 
tinetive enough to enable one to make an independent roentgenologic 
diagnosis of atypical pneumonia. Typically their patients showed diffuse, 
irregular, patchy densities with feathery edges extending into the pul- 
monary substance from the hilus. Large areas of consolidation were not 
common but some coalescence often took place. In several of the cases 
both lungs were involved. 

Comment. From a study of the articles it is apparent that the roent- 
‘enologic manifestations of atypical pneumonia are variable and not 
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distinctive. In some instances the roentgenologic manifestations are of 
such a kind that an experienced roentgenologic observer will know at a 
glance that he is dealing with a disease very different from the forms of 
lobar pneumonia and bronchopneumonia commonly encountered; in others, 
perhaps in the majority, such an independent distinction cannot be made. 
In general it may be said that pulmonary disease becomes evident roent- 
genographically early in the development of the disease; that the earliest 
evidence is an increase of the hilar shadows, often followed by a fan- 
shaped, poorly circumscribed area of consolidation extending from the 
hilus into the substance of the lung; that the consolidation is not as dense 
as that encountered in lobar pneumonia and that multiple lesions are 
fairly common, the second lesion often developing at about the time the 
first was beginning to undergo resolution. 

It is noteworthy that none of the observers seemed able to identify the 
picture of “acute tracheobronchitis’” which Kornblum and Reimann" 
described so beautifully. This should not reflect adversely on the validity 
of Kornblum and Reimann’s findings nor on the observations that these 
authors made. Kornblum and Reimann had an unusual opportunity. 
The patients were all in one institution, all the roentgenologic examina- 
tions were made in similar very well-controlled circumstances and early 
medical attention was easily available. It is probable that the roentgeno- 
logic picture of “acute tracheobronchitis”’ is the earliest possible evidence 
of this pneumonia or in fact of any other type of pneumonia. 
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PROCEEDINGS OF 
THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF MARCH 21, 1944 


Intercorrelations Between Cardiovascular Variables in Healthy Men, 
and the Relation of Physique to These and Other Variables. James M. 
TANNER (Hartzell Dept. of Research Therapeutics, Univ. of Penna.). 
In an investigation on 53 healthy students: 

1. Figures for the changes in systolic and diastolic blood pressure during 
20 minutes following lying down were reported. 

2. The standard error of measurement of blood pressure taken by the 
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auscultatory technique, with certain precautions, was similar to that 
reported by Shock and Ogden, 7. ¢., 1.9 mm. Hg systolic and 2.84 mm. 
Hg diastolic. 

3. Ballistocardiograms were taken 14 to 21 minutes after lying down. 
Aortic diameter was obtained by the Kreuzfuchs measurement. The 
areas under 2 complexes in each record were read. There was no signifi- 
cant rise or fall of mean value between the two determinations. The 
correlation of the two values was 0.905, with a standard error of estima- 
tion of the second from the first value of 2.48 cc., or 4.8% of the second 
mean value. The standard error of measurement estimated from these 
2 determinations was 1.8 cc., or 3.5% of total mean value. 

4. Correlations between various cardiovascular and other variables were 
presented. The striking thing was the lack of correlation between blood 
pressure and heart rate, stroke volume or cardiac output, and between 
cardiac output and surface area or weight. No explanation is offered at 
present. It is emphasized that relations between variables in a popula- 
tion at rest may differ entirely from relations between similar variables in 
a single organism under varying circumstances. 

5. With the help of Dr. C. W. Dupertuis, the subjects were anthropo- 
scopically somatotyped from photographs taken as described by W. H. 
Sheldon. With very small numbers of limited age range, at rest, no con- 
nection was apparent between somatotype and systolic blood pressure, 
heart rate, ballisto impacts, stroke volume, cardiac output, or cardiac 
output multiplied by mean blood pressure. 

The correlation between oral temperature and endomorphy was —0.342, 
and between oral temperature and ectomorphy +0.347 (P <0.01). Be- 
tween respiratory rate and endomorphy it was +0.252 (P = 0.039) and 
between respiratory rate and ectomorphy —0.265 (P = 0.032). No sig- 
nificant correlations with mesomorphy were found. 


A Rapid Method for Estimating Serum Proteins (Formula for Calculat- 
ing Serum Protein Concentration). F. Wit~t1am SuNDERMAN (William 
Pepper Laboratory of Clinical Medicine, Univ. of Penna.). When the 
differences in the refractive index of serum and water are plotted against 
the serum protein concentration, an excellent linear correlation is obtained. 
The statistically calculated regression line derived from this correlation 
may be expressed by the equation: 


Pr = 510 R.Laig. — 1.81 


(Pr = gm. of protein per 100 ml.; R. I.aift. = the refractive index of serum 
minus the refractive index of water.) The standard deviation for this 
regression line is equal to 0.31 gm. per 100 ml. 

The method for estimating serum protein from refractivity measurements 
is economical in time, easy of manipulation, requires no reagents, and is 
useful in guiding therapy in cases of shock. 


Topical Projection of the Cochlea to the Cerebral Cortex of the Monkey. 
Ciinton N. Wootsey and Epwarp M. Watzt (Department of Physiology 
and the Otological Research Laboratory, School of Medicine, Johns Hop- 
kins Univ., Baltimore, Md.). The type of study previously described for 
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the cat (Woolsey and Walzl, Bull. Johns Hopkins Hosp., 71, 315, 1942) 
has been extended to the monkev. Single condenser discharges were de- 
livered through fine wire electrodes to nerve fibers at the dissected edge of 
the osseous spiral lamina. Amplified contralateral or ipsilateral cortical 
electrical responses were visualized oscillographically and photographed. 
The inferior and the superior banks of the Sylvian fissure were explored. 
In addition the auditory area was defined by click stimulation of the 
intact ear. 

Both methods revealed that the auditory area occupies most of the 
inferior Sylvian bank from its caudal end to a level 4 to 6 mm. rostral to 
the caudal limit of the insula. Usually the area extends everywhere to 
within 1 mm. of the lip of the Sylvian fissure, while caudally it may spread 
over the lateral surface of the temporal lobe as far as the superior temporal 
suleus. The area traverses the bottom of the posterior Sylvian fissure 
and extends for about 3 mm. onto the superior Sylvian bank posterior to 
the insula. The apex of the cochlea projects to the most rostral part, the 
middle turn to the region lateral to the posterior end of the insula and the 
basal coil to the remainder of the area. The cortical area for the most 
basal end apparently traverses the bottom of the posterior Sylvian fissure 
to occupy a part of the superior bank. 

In the cat a “second” auditory area, organized in a pattern inverse to 
that of the “primary” auditory area, was found. The presence of a 


similar “second” auditory system in the monkey has not yet been proved; 
but the evidence indicates that it exists deep within the Sylvian fissure on 
the lateral wall of the inferior limiting sulcus of the insula and on the 
dorsal bank of the posterior Sylvian fissure. 

Certain homologies of the cerebral hemispheres of cat and monkey have 


been clarified by comparing data secured in studies of auditory, visual and 
somatic sensory systems of these animals. 


The Metabolism of Tryptophane by Staphylococcus Aureus as a Critical 
Factor in Relation to the Mode of Action of Sulfonamides. By M. G. 
SevaGc and M. N. GreEEN (Department of Bacteriology, School of Medicine, 
Univ. of Penna.). Our studies show that the metabolism of tryptophane 
by resistant and susceptible strains of S. aureus is a keystone to under- 
standing of the mode of action of sulfonamides. Three aspects of trypto- 
phane metabolism have been studied: (a) tryptophane as an essential 
amino acid; (b) tryptophane as the precursor of one or several arylamines 
(p-aminobenzoic acid?) produced during the growth of staphylococci; and 
(c) sulfonamide-antagonist action of tryptophane. 

Staphylococci must either synthesize tryptophane from other amino 
acids or tryptophane must be provided within the medium. Arylamine is 
not formed when both tryptophane and glucose are omitted from the 
medium. Growth takes place with or without the formation of arylamine. 
Largest amounts are formed under conditions least favorable for growth. 
{ven the largest amounts of arylamine produced do not exercise anti- 
sulfonamide action. These facts refute the postulates by Landy et al. 
that staphylococcal resistance to sulfonamides depends upon the synthesis 
of larger amounts of para-aminobenzoic acid. There is as yet no chemical 
evidence that staphylococci synthesize or require para-aminobenzoic acid. 

In the presence of glucose and amino acids (tryptophane absent), with 
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or without pantothenic acid and riboflavin, the growth of staphylococci is 
inhibited by sulfonamides. The addition of tryptophane to the medium 
abolishes this inhibition by 50% in the absence of, and completely in the 
presence of pantothenate and riboflavin. These facts show that sulfon- 
amides inhibit the oxidative-reductive reactions leading to the synthesis of 
tryptophane, and are incapable of inhibiting the utilization of tryptophane 
added to the medium. Pantothenic acid and riboflavin are participants in 
some manner in the metabolism of glucose and tryptophane. This is in 
extension of the previously formulated “inhibition of oxidative enzymes 
theory.” (Sevag, M. G., and Shelburne, M., J. Bacteriol., 48, 411, 421, 
147, 1942; Sevag, M. G., Shelburne, M., and Mudd, S., J. Gen. Physiol., 
25, 805, 1942; Sevag, M. G., Henry, J., and Richardson, R., Am. J. MEn. 
205, 877-878, 1943.) 


BOOK REVIEWS AND NOTICES 


PsycHosomaTic D1aGNnosis. By FLANpERS Dunpar, M.D., Mep.Sc.D., 
Pu.D., Department of Medicine and Psychiatry, Columbia University. 
Foreword by Leonarp G. Rownrtresg, Colonel, Medical Reserve Corps, 
U.S. Army. Pp. 741; 15 charts, 12 tables. New York, London: Paul B. 
Hoeber, Inc., 1943. Price, $7.50. 


THE appearance of this new volume marks another milestone in the advance 
of psychosomatic medicine. The concepts of this school have been widely 
disseminated in recent years by the journal, Psychosomatic Medicine, by 
Weiss and English’s recent text-book, and by very numerous original articles. 
Those in touch with the medical problems of the present war, which are 
characterized by a high incidence of functional disorders, are finding the 
contribution of the psychosomatic school to be a valuable aid in the better 
understanding and handling of such cases. 

“Psychosomatic Diagnosis” is a voluminous report on the study made by 
Dr. Dunbar and her associates on 1600 patients admitted to the wards of a 
general hospital, suffering from the following illnesses: rheumatic and cardio- 
vascular disease, diabetes, and fracture. The admission diagnosis in each 
case was an organic one; Dr. Dunbar and her assistants interviewed each of 
these patients in order to discover the psychic component, and especially to 
see whether a characteristic personality pattern or socio-familial background 
was specific for each of the diseases studied. Such proved to be the case, and 
not the least surprising finding was that of a specific predisposition to accident- 
habit in the majority of patients on the fracture wards, which unexpectedly 
prevented the contemplated use of this group as normal controls. Careful 
personality “profiles” are presented for each group, but an indication of the 
personality types is also given by the semi-facetious labels suggested by the 
author: “Hobo” for the fracture patients, “would-be top-dogs” for the 
hypertensives, ‘‘ teachers’ pets” and ‘‘martyrs”’ for those with rheumatic fever 
or rheumatic heart disease, and “‘muddlers”’ for the diabetics. 

A chapter on how to take an informative psychosomatic history adds to the 
practical value of this scholarly report. DF. 


THE MopeRN MANAGEMENT OF Co.iTis. By J. ARNoLD Barcen, M.D., 
M.S., F.A.C.P., Chief of the Section on Internal Diseases, Division of 
Medicine, Mayo Clinic; Associate Professor of Medicine, Mayo Foundation, 
Rochester, Minn.; Secretary, American Gastroenterological Association; 
Vice-Chairman, Section on Gastroenterology and Proctology, American 
Medical Association. Pp. 332; 148 figs. Springfield: Charles C Thomas, 
1943. Price, $7.00. 

Dr. BARGEN is indeed qualified to write a monograph on the colon because 
of his rich clinical and experimental experience at the Mayo Clinic. The 
book is timely because of the prevalence of intestinal disorders in time of war 
and turmoil. 


Anatomy and physiology of the colon, as well as methods of study of patients 
with colon complaints, are thoroughly discussed. There is a chapter on the 
“irritable colon” (mucous colitis) which presents the latest concepts concern- 
ing the etiology and treatment of this common functional disease. 

The organic types of colitis are divided into 9 groups: (1) Thrombo-ulcera- 
tive (streptococcal). (2) Regional (segmental) ulcerative. (3) Chronic ulcera- 
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tive. (4) Tuberculous ulcerative. (5) Amebic ulcerative. (6) Food and 
vitamin deficiency type. (7) Lymphogranulomatous ulcerative. (8) Allergic. 
(9) Chronic ulcerative following bacillary dysentery. In each of these groups 
etiology, pathologic lesions, symptoms, diagnostic criteria, treatment, and 
complications are thoroughly discussed. 

An entire chapter is devoted to conditions to be distinguished from colitis. 
Diseases to be considered are: polyposis, carcinoma, regional enteritis, 
diverticulosis and diverticulitis, food poisoning, parasitic dysentery, non- 
specific granuloma, actinomycosis, appendicitis, Meckel’s diverticulitis, sprue, 
pellagra, pernicious anemia, exophthalmic goiter, uremia, fecal impaction, 
foreign bodies, volvulus and intussusception, failure of rotation of the colon, 
benign stricture, anal infection, hemorrhoids, agranulocytic angina, diseases 
of gall bladder, and urinary tract diseases. 

In conclusion the author stresses that the symptoms of colitis may be a 
reflection of many bodily disorders extrinsic to the bowel. L. LaT. 


PATHOLOGY AND THERAPY OF RHEuMATIC FEvER. By Leopotp LicatTwitz, 
M.D., Lately, Chief of the Medical Division of the Montefiore Hospital, 
and Clinical Professor of Medicine, Columbia University, New York City. 
Foreword by Wiiu1am J. Matongy, M.D., LL.D., F.R.S. (Ep1n.), Con- 
sulting Neurologist to the City Hospital; Formerly Professor of Nervous 
and Mental Disease, Fordham University, New York City. Edited by 
Masor Wiiu1aM Cuester, M.C. Pp. 211; 60 figs. New York: Grune & 
Stratton, Inc., 1944. Price, $4.75. 

Tuis is a very dangerous book. It is written in the authoritarian manner, 
characteristic of continental writers, which unfortunately is often accepted at 
its assumed value by the careless reader. In this instance this acceptance 
might the more readily happen, since in the Foreword the author is named 
“our foremost authority on the pathology of function.!” 

An author, of course, has a right to state his opinions but only as opinions, 
not as facts. In this instance the author accepts the view that rheumatic 
fever is caused by sensitization to antigens, but he widens the list of offending 
antigens to include both non-pathogenic organisms and foreign proteins “not 
of microbic origin.” The réle of the streptococcus is not stressed—in fact it 
is scarcely touched on; nor does the word “streptococcus” appear in the index. 
This leads to some absurdities such as the inclusion of epidemic pleurodynia 
as a rheumatic manifestation in the nervous system, and attributing this 
disease to previous vaccination or some other active immunization. Also, 
the flat acceptance of overgrowth of fingers and big toes as a result of “chronic” 
iy oo gaa is a good example of the uncritical fashion in which material 
is included. 

It is the hope of the Reviewer that these comments will lead the reader 
of the book to use his critical judgment throughout. 


MepIcaL PARASITOLOGY AND ZoéLocy. By Navss, B.Sc., 
M.D., Dr.P.H., Assistant Professor of Public Health and Preventive Medi- 
cine, Cornell University Medical College; Consulting Parasitologist, New 
York Hospital; Fellow, American Public Health Association; Lieutenant- 
Colonel and Flight Surgeon, Medical Reserve Corps, U. S. Army. Fore- 
word by Joun C. Torrey, Pu.D., Professor (Emeritus) of Epidemiology, 
Cornell University Medical College. Pp. 534; 95 figs. New York, London: 
Paul B. Hoeber, Inc., 1944. Price, $6.00. 


Tuts book is said to be an attempt to present essentials in brief form and 
so to replace larger and more complete texts now available. Less extensive 
it is, but claims to conciseness cannot be allowed. For example, what is a 
non-migrating Endameba coli (p. 13) and why is this “a comparatively innocu- 
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ous species” (p. 17)? It is non-pathogenic without equivocation. The state- 
ment “The cyst is usually the only form in which E£. histolytica remains viable 
after passing the normal acid stomach” implies rather gross fecal contamina- 
tion of food, and by comparatively fresh feces at that (p. 26). Interpretations 
of the development of amebiasis in man (pp. 28 and 29) draw unwarranted 
assumptions from experimental infections in cats; and in this section the 
statement that experiments by Nauss and Rappaport (1940) are “substan- 
tiated”’ by reports published 2 years earlier is, at least, novel. The resurrec- 
tion of Kofoid’s report (1922) of EH. histolytica in Hodgkin’s disease (p. 37) 
seems unfortunate. The section on infection by intestinal protozoa lacks any 
statement of incidence in spite of abundant records. Further, there is no 
indication of the significance of Trichomonas vaginalis infection, and the 
admonition that transfers of this organism to mouth and rectum be prevented 
is a bit excessive in view of recent experiments. On page 59, organisms of the 
genus Leishmania are said to be transmitted through feces of insects when 
those which occur in man are certainly not. ‘‘Endothelium”’ is substituted 
for macrophage cells (p. 62), ‘leukemia” is given as a symptom of kala-azar 
instead of leukopenia (p. 65), and animal inoculation is suggested as an aid 
to diagnosis of this disease when it is well known that few animals are sus- 
ceptible and incubation is prolonged. Occurrence of Leishmania donovani in 
oral and nasal secretions is not mentioned, yet this seems to be an important 
factor in spread of infection. On page 90 “merocyte” is used for merozoite. 
In several parts of the section on malaria sporozoites are said to invade erythro- 
cytes when all evidence is against this. The exoerythrocytic phase of Plas- 
modium becomes ‘extra erythrocytic” (p. 113). Also to be questioned is the 
statement that Ascaris lumbricoides ‘sometimes (becomes) attached to the 
mucosa, which they are probably able to pinch off in small masses” (p. 147), 
and there is no clear statement of how hookworms cause anemia. 

These are not isolated instances; many others could be cited. They illustrate 
rather marked incoherence, carelessness and poor organization. Everything 
contained in the book is presented in better form elsewhere, and the — 
is no substitute for a dictionary. : 


PIONEERS OF PepiaTrics. By ABRAHAM Levinson, M.D., B.S., Assistant 
Professor of Pediatrics, Northwestern University Medical School; Professor 
of Pediatrics, Cook County Graduate School of Medicine; Attending Pedia- 
trician, Children’s Division of the Cook County Hospital; Senior Attending 
Pediatrician, Sarah Morris Hospital for Children of the Michael Reese 
Hospital; Senior Attending Pediatrician, Mount Sinai Hospital, Chicago. 
Second ed., revised and reset. Foreword by Isaac A. Ast. 15th Publica- 
tion in Historia Medicinz series. Pp. 119; many pictures. New York: 
Froben Press, 1943. Price, $2.00. 


Tus second edition, appearing 7 years after the first, is the 18th Publication 
in the Historia Medicine series of the Froben Press. Professedly “‘a bird’s eye 
view of pediatric progress as reflected in the contributions of pioneers in the 
field,” this compendium should be evaluated on the basis of wisdom of selec- 
tion, accuracy and readability, rather than for completeness and reference 
value. One comes regretfully to the conclusion that at least two of the three 
qualities sought for have not been attached. Perhaps the attempt to cover 
too much ground has been the cause of a dry condensed style that, for the 
most part, is even less entertaining than the average catalogue raisonne. 
As to selection, while personal comparisons, which are especially apt to be 
odious and fruitless, will not be made here, the Reviewer must express a 
general opinion that there are many errors of both omission and commission 
in the “pioneers” selected. However, while most readers will prefer to go 
to Ruhrih’s excellent source book, “Pediatrics of the Past,” for their historical 


personages in pediatrics, this more recent production also has its field. Finally, 
the list of American contributions and the 4} page cone are useful but 
do not compensate for the lack of an index. E. K. 
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Tue Marcu or Mepicine. New York Academy of Medicine Lectures to the 
Laity, 1943. Pp. 151; no illus. New York: Columbia University Press, 
1943. Price, $2.00. 

Tuis 8th Series of the Academy’s Lectures to the Laity demonstrates how 
widely the scope of the series has been enlarged since their beginning. No 
longer merely descriptive of this or that disease or group of diseases, they treat, 
this year, for instance, of such topics as Crime and Punishment (Bernard 
Glueck) ; The Scientific Method and Our Plans for Peace (Sir Norman Angell) ; 
War and Medicine (Edgar Erskine Hume); Aggressiveness—Individual and 
Collective (Franz Alexander); Let Babies Be Our Teachers (Myrtle McGraw); 
and Nature and Man, The Linsly R. Williams Memorial Lecture (Robert R. 
Williams). Thus, psychiatric problems—human behavior—and the relation 
of medicine and science to society and the world crisis appropriately dominate 
the series, though not to the exclusion of more directly scientific subjects such 
as enzymes and historical medicine, for instance. To those already acquainted, 
the series needs no endorsement; those yet unacquainted can be assured that 
an evening’s reading will not go unrewarded. E. K. 


ESSENTIALS OF DeRMATOLOGY. By NorMAN Tosias, M.D., Senior Instructor 
in Dermatology, St. Louis University; Assistant Dermatologist, Firmin 
Desloge and St. Mary’s Hospitals; Visiting Dermatologist, St. Louis City 
Sanitarium and Isolation Hospital; Fellow, American Academy of Derma- 
tology and Syphilology; Diplomate, American Board of Dermatology and 
Syphilology. Second ed. Pp. 497; 143 figs. Philadelphia, London, 
Montreal: J. B. Lippincott Company. Price, $4.75. 

THE present Reviewer had the pleasure of reviewing the first edition of this 
now popular work (Am. J. Men. Sct., 202, 276, 1941) and recommending it 
‘for the student and general practitioner who does not have the facilities nor 
the inclination to consult a larger volume.”’ In the second edition most of the 
criticisms leveled against the first edition have been scrupulously heeded. 
Many portions have been rewritten or considerably elaborated for the sake 
of clarity. Close attention has been paid to certain live subjects, such as vita- 
min and sulfonamide therapy and the new ointment bases. Nineteen addi- 
tional photographs have been included in the revision. A new feature of this 
edition, not mentioned in the Preface, is the utilization of the inside of. the 
covers and the fly-leaves for a compilation on the sulfonamide drugs in derma- 
tology and a listing of the normal values of various blood constituents and of 
various tests. The Reviewer again recommends this compend as one of the 
best of the shorter works on dermatology. H. B. 


HEALTH AND Hygiene. A Comprehensive Study of Disease Prevention and 
Health Promotion. By Lioyp AcKERMAN, Western Reserve University. 
Pp. 895; 59 figs; 27 tables. Lancaster, Pa.: The Jacques Cattell Press, 1943. 
Price, $5.00. 

Tuts book attempts to cover the main problems of hygiene in terms which 
should be understandable by the general public. The author has succeeded 
remarkably well in meeting this difficult assignment and has produced a book 
of considerable merit. He believes that comprehensive courses in hygiene 
should be given to college students in their junior and senior years, and the 
book should have great value for such a purpose. It also should prove very 
useful to educated members of the general public and enable them to under- 
stand the elements of prevention of infection, vaccination, and the develop- 
ment of immunity, as well as nutrition and social health. Considerable atten- 
tion is given to the evolution of health concepts with an account of the develo 
ment of medicine from the early days of A’sculapius through Paracelsus to the 
present day. The position of special cults such as allopathy, homeopathy, 
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osteopathy, chiropractic and Christian Science in this development is indi- 
cated. There are interesting commentaries on the common factors in homeo- 
pathic, Christian Science and Aisculapian practices. The author quotes 
original sources, and references may be found in this book to ‘“Christian’”’ 
religious literature from Genesis to Mrs. Eddy. With this evidence the 
ma should be able to form opinions on the virtues and weaknesses of various 
cults 

Throughout the book the author has attempted to present the main perti- 
nent facts, while allowing the reader to draw his own conclusions. Sometimes 
he might be accused of giving a biased presentation of the data, but for the 
most part, the facts are simply stated so that logical deduction seems obvious. 

The sections on mental health, reproduction and drug action (including the 
effects of alcohol and nicotine) are written in a frank and interesting manner. 
On such controversial matters, however, the author is bound to find disagree- 
ment among his readers, though this Reviewer would quarrel with little of it. 
No sane reader should be offended by the unbiased presentation of the basic 
facts. For student use, the inclusion of a large section on psychology seems 
questionable to this Reviewer. It is not always advisable to encourage intro- 
spection in either early or late adolescence, though if introspection has already 
started, these sections should prove useful. 

The various chapters include lists of literature which should enable a student 
to sample original sources and to follow the present trends of development. 
Useful tables are given of the nutritional values and compositions of various 
foodstuffs, as well as data on their vitamin content. While the book covers a 
wide field from vital statistics through nutrition to psychology, the views 
presented appear to be up-to-date and to be well supported by references to 
recent literature. H. B. 


Symposia. Edited by Jacquns Editor of “The Ameri- 
can Naturalist” and ‘ American Men of Science.” Volume X.. Frontiers 
in Cytochemistry. The Physical and Chemical Organization of the Cyto- 
plasm. Edited by Normanp L. Horrr, Professor of Anatomy, School of 
Medicine, Western Reserve University. Pp. 334; 105 figs. Lancaster, Pa.: 
The Jacques Cattell Press, 1943. Price, $3.50. 


Tuts tenth volume of Biological Symposia is presented as a tribute to 
Professor R. R. Bensley, Professor Emeritus of Anatomy of the University of 
Chicago, and includes 15 papers covering much of our present knowledge of 
cellular structure. The contributions include discussion of the chemistry of 
cytoplasm (electrolytes, nucleic acids, nucleoproteins, minerals), the morphol- 
ogy of cytoplasm (cytoplasmic components, ultrastructure, macromolecular 
particles), the respiration of cells (biologic oxidation-reduction reaction sys- 
tems), and the pathology of certain types of cells (cancer cells and degenerating 
motoneurones). The material in this book represents the groundwork upon 
which important new medical discoveries may well be based. It should be a 
valuable addition to the libraries of those who are actively seeking further 
understanding of cellular funetions. The printing and illustration of this 
volume follows the high standard set in previous editions of Biological Sym- 
posia. J.C. 


PRIMER CoNnGRESO NACIONAL SoBRE ENFERMEDADES ENDEMO-EPIDEMICAS. 
First National Congress on Endemo-epidemic Diseases, held at the ‘‘Insti- 
tuto Jose Penna,” School of Medical Sciences of Buenos Aires, November, 
1942. Pp. 679; many tables and figs. Buenos Aires: Revista Oral de 
Ciencias Medicas, 1943. 

THE articles reported in this volume were presented at the First National 
Congress on Endemo-epidemic Diseases held at the “Instituto Jose Penna” 
under the auspices of the School of Medical Sciences of Buenos Aires. The 
Congress consisted of eight sessions, devoted to problems of diphtheria; 
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exanthematic typhus and other diseases recently found in this part of the 
continent; brucellosis and poliomyelitis; and diseases of the respiratory tract. 
The last three sessions were allocated to all other diseases. The sessions on 
diphtheria included articles on the different clinical manifestations, prophy- 
laxis, treatment, epidemiology; as well as bacteriologic studies which comprised 
immunity, pathogenicity, allergy, relationship between clinical form of the 
disease to the bacterial type of the diphtheria bacillus, and so forth. In the 
meeting on exanthematic typhus papers were also read on yaws, “ fievre bouton- 
neuse,”’ and ‘‘mal de pinto;” at the meeting on brucellosis papers on hidatidosis 
and Chagas’ diseases, a social problem in South America, were also included. 
The diseases of the respiratory tract considered were the pneumonias and 
influenza. Problems of prophylaxis, immunity, diagnosis, treatment and epi- 
demiology were discussed. In the final sessions papers on bacillary dysentery, 
salmonellosis, typhoid, malaria, measles, tuberculosis, leprosy, anthrax, 
bubonic plague and trichinosis were read. 

The book is a valuable aid in comprehending the work that is being done in 
Argentina and the progress toward the solution of the problems involved. Most 
of the articles do not contain a bibliography, an omission that limits the useful- 
ness of the book for those seeking further information. Some scientists from 
Uruguay collaborated in the Congress, and, consequently, their papers are 
included in the volume. L. G. 


QUANTITATIVE PHARMACEUTICAL CHEMISTRY. By GLENN L. Jenkins, Pu.D., 
Professor of Pharmaceutical Chemistry, College of Pharmacy, University of 
Minnesota, and ANDREw G. Du Mxz, Pu.D., Professor of Pharmacy and 
Dean of the School of Pharmacy, University of Maryland. Second ed., 
6th impression. Pp. 466; 67 figs. New York and London: McGraw-Hill 
Book Company, Inc., 1937. 

Tus is a well-written book for students of pharmacy, and outlines clearly 
the methods used in official pharmaceutical analyses. It is to be regretted, 
however, that this pharmacy text does not concern itself more with the newer 
pharmacologic agents and less with the older, infrequently used drugs. A 
new edition including the changes incorporated in the U. S. Pharmacopera XII 
and National Formulary VII could correct this failing. J.C. 


OraL Patnotoey. A Histological, Roentgenological, and Clinical Study of 
the Diseases of the Teeth, Jaws, and Mouth. By Kurt H. Toma, D.M.D., 
Professor of Oral Surgery and Bracket Professor of Oral Pathology, Harvard 
University; Oral Surgeon and Chief of Dental Service, Massachusetts Gen- 
eral Hospital; Oral Surgeon to Brooks Hospital; Dental Surgeon to Dental 
Department and Consultant in Oral Surgery to Tumor Department, Boston 
Dispensary and Joseph H. Pratt Diagnostic Clinic; Consulting Oral Surgeon, 
New England Baptist Hospital; Consulting Oral Surgeon, Beth Israel Hos- 
pital. Second ed. Pp. 1328; 1388 figs. (128 in color); 49 tables. St.Louis: 
C. V. Mosby Co., 1944. Price, $15.00. 


We are glad to see the second edition of this valuable work, but suggest a 
more precise title for future editions. To quote from the Preface to this 
edition, the sentiment of which we endorse—“‘The surprisingly great demand 
which rapidly depleted the first edition of Oral Pathology has made it necessary 
to bring out this second edition. The interest which the profession has 
taken in this book, the content of which is almost purely scientific, is an 
auspicious indication of the trend in dentistry. Not only the student, 
but also the man who has been in practice for years, feels the need 
for the scientific background which the study of pathology alone can give. 
Thus dentistry has recognized the value of basic knowledge as a foundation 
for its clinical development. The ability to diagnose and treat disease intelli- 
gently is based on a thorough understanding of both disease processes and their 
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many and varied causes. .... additions have been made to include a few 
of the rarer diseases that are omitted from the first edition and to bring the 
book up to date. A number of new illustrations have been added and others 
have been replaced.”” We note too many errors, even though perhaps typo- 
graphical (such as on p. 848, lii; p. 1270, 1, 14.) E. K. 


Tuis is the first appearance in America of an original volume on slit-lamp 
microscopy of the human eye. The chapters include a history of the develop- 
ments of biomicroscopy, the technique of biomicroscopy and the normal find- 
ings in the anterior segments of the globe exclusive of the iris, vitreous and 
lens. Developmental anomalies, inflammatory lesions, traumatic injuries 
and degenerations, and dystrophies are then considered in the various chap- 
ters. The text is excellent and the illustrations are by far the best that have 
appeared from an American press. The book is undoubtedly on a par with 
that of Vogt, and it will be warmly welcomed by all American ophthalmologists. 

F 


BACKACHE AND Sciatic Nevuritis. By Lewin, M.D., F.A.C.S., Asso- 
ciate Professor of Bone and Joint Surgery, Northwestern Univ. Medical 
School; Attending Orthopedic Surgeon, Cook County Hospital; Attending 
Orthopedic Surgeon, Michael Reese Hospital; Professor, Orthopedic Surgery, 
Cook County Graduate School of Medicine, Chicago; Lieutenant Colonel, 
Medical Corps, U. 8S. Army. Pp. 745; 235 figs. Philadelphia: Lea & 
Febiger, 1943. Price, $10.00. 

Tuis is a very difficult book to review, for Dr. Lewin has attempted to com- 
press an amazing amount of information in his book. His charts and diagrams 
at the beginning of many of the chapters show originality and disclose a 
method that could be well utilized in the teaching of students. These are very 
ingenious and informative. 

In the cuts the author is remarkably clear; they deserve high praise. The 
Roentgen rays, photographs and line drawings and anatomic pictures are 
consistently ok and show a tremendous amount of work and meticulous 
care in assembling. 

The book can be recommended as being up to the minute in the great 
diversity of conditions that are considered in the very difficult subject of back- 
ache and sciatic neuritis. 


ON THE INFLUENCE OF TRADES, PROFESSIONS, AND OCCUPATIONS IN THE 
Unrrep StTaTEs, IN THE PRopUCTION OF DisEAsE. (Reprinted from T'rans- 
actions of the Medical Society of the State of New York, 3, 91, 1837.) By 
BENJAMIN W. McCreapy, M.D. Introductory Essay by GENEVIEVE 
MitusrR, M.A. (Publications of the Institute of the History of Medicine, 
The Johns Hopkins University. Fourth series: Bibliotheca Medica Ameri- 
cana, vol. 4). Pp. 127. Baltimore: The Johns Hopkins Press. Price, $1.75. 
AFTER a series silence of several years, the Johns Hopkins Institute of the 

History of Medicine now publishes a fourth volume of the Bibliotheca Medica 

Americana. 
The McCready text of a century ago is much less important than Thacher’s, 
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Vol. I. By M. L. Beruiner, M.D., Assistant Professor of Clinical Surgery phr 
(Ophthalmology), Cornell University Medical College; Associate Attending ire 
Surgeon, New York Hospital; Assistant Surgeon, New York Eye and Ear val 
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John Morgan’s and Wm. H. Welch’s that constitute the first 3 of the series 
see Am. J. Men. Scr. Review, 195, 370, 1938). It is also much less well known; 
so that, if it is as meritorious as Miss Miller’s Introduction indicates, a reprint 
is a useful addition to American medical historical sources. 

Written as a prize competition essay when the author, aged 23, was but 
2 years out of medical school, the successful essay was published in an obscure 
journal with a circulation of but 100 copies. It is unlikely, in Miss Miller’s 
phrase, that it “ever attracted any attention or had any influence.” This 
first treatise on occupational diseases written in this country, then, is chiefly 
valuable as a good picture of the subject 100 years ago for the use of future 
medical historians. The author went on to the life of a busy practitioner and 
medical teacher in New York City. He died in 1892 without contributing 
further to the subject of his essay. E. K. 


A Synopsis oF Sureican ANaTtomMy. By ALEXANDER McGregor, M.Cu. 
(Eprn.), F.R.C.S. (Ena.), Lecturer on Surgical Anatomy, Univ. of Wit- 
watersrand; Assistant Surgeon, Johannesburg General Hospital. Fifth ed. 
Foreword by Smr J. Stizs, K.B.E., F.R.C.S. (Epin.). Pp. 710; 
696 illus. Baltimore: Williams & Wilkins, 1943. Price, $6.50. 


Tue fact that this small volume is now in its 5th edition is mute testimony 
to its wide popularity. The emphasis on the practical and functional aspects 
of anatomy makes it especially useful as a quick reference in clinic or operating 
theater. The first half deals with the anatomy of the normal, the last half 
with the abnormal. (The semi-diagrammatic line drawings with which the 
volume is profusely illustrated serve to aid in fulfilling these objectives.) In 
the latter section of the book the Author brings out the signs through which 
evidence of anatomic abnormality may be elici 

The value of the work is further enhanced by the inclusion of many biblio- 
graphic references to special articles—and this new edition serves to brin 
these references up to date. Outline form, with economy of words, is 
throughout. As a supplement to standard works on anatomy, this book will 
be found very useful by students and practitioners of surgery. J. L. 


CurnicaL TropicaAL Mepicing. By Twenty-seven Authors. Edited by Z. 
TayLor Bercovitz, M.D., Pu.D., F.A.C.P., Assistant Clinical Professor, 
New York Post-Graduate Medical School, Columbia Univ.; Physician in 
Charge, Parasitology Service, Department of Health, City of New York; 
Consultant in Tropical Medicine, Ellis Island Hospital, U. S. Public Health 
Service. Foreword by Witpur A. Sawyer, M.D., Director, International 
Health Division, Rockefeller Foundation. Pp. 957; 121 figs; 11 tables. 
New York, London: Paul B. Hoeber, 1944. Price, $14.00. 


In keeping with the present trend toward edited works, this most recent 
American book on tropical diseases has 27 contributors, all well qualified. 
The bulk of the material, however, was prepared by the Editor, Z. T. Berco- 
vitz, C. F. Craig, Henry Pinkerton, "Howard Fox, E. Vedder and Morris Moore. 
Except for the first section, which deals with the diarrheal diseases and includes 
amebic as well as bacillary dysentery and cholera, the subject matter is ar- 
ranged according to etiologic agents. This in itself will be a great aid to the 
novice. The sections include: diseases caused by blood protozoa, by spiro- 
chetes and spirilla, by rickettsia; viral diseases, bacterial infections and nutri- 
tional disturbances. Also included are sections dealing with diseases caused 
by yeasts and fungi, infestation by helminths, tropical snakes and poisonous 
insects, and a concluding section on the effects of heat, hygiene and sanitation. 

The individual diseases are considered under the following headings: his- 
torical note, etiology, epidemiology, pathology, symptomatology, complica- 
tions, laboratory and differential jagnosis, treatment and prophylaxis. Of 
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particular interest is the detailed discussion of laboratory procedures which 
often, €. g., in amebic dysentery and protozoan diseases of the blood, can be 
carried out by the physician himself. An excellent series of 10 plates on the 
intestinal protozoa, as well as plates devoted to the malaria parasites and eggs 
of the helminths will prove useful. The clinical photographs are on the whole 
quite good. Though several microphotographs of tissue lesions are included, 
their number might well be greater. This because most men who will use the 
book never had formal instruction in the pathology of these diseases and hence 
will find it difficult to form a mental picture from the written description. 

The discussions on therapy are brief, yet adequate. One is struck by the 
number of specific drugs which are available for treating these diseases. How- 
ever, realizing that they are parasitic rather than degenerative in character 
this should not occasion undue surprise in our era of chemotherapy. The vol- 
ume is well bound and printed; the paper is of good quality. This book should 
prove of value not only to physicians in the armed forces, but to the general 


practitioner as well. H. S. 


THE CHEMISTRY OF ORGANIC MEDICINAL Propucts. By. GLEN L. JENKINS, 
Dean and Professor of Pharmaceutical Chemistry, School of Pharmacy, 
Purdue University; and Waiter H. Professor of Pharmaceutical! 
Chemistry, School of Pharmacy, The Univ. of Maryland. Second ed. 
Pp. 675; 71 tables; many small figs. New York: John Wiley & Sons, 1943. 
Price, $6.50. 


THE organic compounds of the materia medica have been classified into 
groups according to chemical function, some 14 classifications being discussed. 
Thus their chemistry, their preparation and properties can be correlated 
effectively. The therapeutic uses are indicated in many instances, and some 
idea is given of the relative importance of the various compounds. 

The text is an excellent presentation of the réle of organic chemistry in the 
formulation and development of medicinal products. It should be of particu- 
lar value to students and workers in fields related to medical science. 

This 2d edition has been greatly improved by a complete revision. Some 
chapters have been rewritten, and a new chapter discussing ‘‘Some Physico- 
chemical Properties of Medicinal Products” has been included. It is quite 
up to date. 


THE PERMEABILITY OF NATURAL MEMBRANES. By Huau Davson, DSc., 
Associate Professor of Physiology at Dalhousie Univ., Canada; formerly 
Demonstrator in Biophysics and Beit Memorial Fellow, University Coll., 
London, and James Freperic Danreiu, D.Sc., A.I.C., Bein Memorial 
Research Fellow and Fellow of St. John’s Coll., Cambridge, England. 
Foreword by E. Newton Harvey, Professor of Physiology in Princeton 
Univ. Pp. 361; 73 figs.; 72 tables. Cambridge: University Press; New 
York: Macmillan, 1943. Price, $4.75. 

Tuts timely book brings together the significant material that has resulted 
from studies upon permeability of many writers during the last 20 years. 
The book is comprised of 21 chapters and an Appendix. The first chapter 
deals with the significance of permeability studies and the second with methods 
of studying membrane permeability including chemical electrical, and radio- 
active isotope methods. Chapter 3 presents a discussion of equilibrium con- 
ditions of cells, and Chapter 4, the more important equations used in perme- 
ability studies. In later chapters the process of diffusion, the structure of the 
plasma membrane, and the interpretation of permeability measurements are 
considered. Permeability to non-electrolytes, gases, water, proteins and 
lipoids, ions and weak electrolytes and dyes are covered in the succeeding 
chapters. Impedance, potential measurements, the effect of narcotic sub- 
stances and temperature are followed by chapters on hemolysis and the mem- 
brane permeability to secretion. A chapter is devoted to the function of 
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the kidney, and the final chapter, to theories of eell permeability. An Appendix 
on the theory of penetration of a thin membrane completes the book. 

The advance in our knowledge of permeability has depended largely upon 
the contributions of surface chemistry and the physico-chemical structure of 
liquids and solids. In this book, written by two men who have contributed 
a great deal to our knowledge of the subject, the relevant and significant 
material has been carefully selected from the’ mass of data upon the subject. 
In addition, a valuable bibliography follows each chapter. 

Everyone interested in biologic processes should certainly have this book 
at hand. When it is coupled with Bourne’s recent “Cytology and Cell Physi- 
ology,’’ a comprehensive survey of our modern concepts of the cell and its 
functions is obtainable. D. C. 


An OUTLINE OF GENERAL PuysioLogy. By L. V. HeILBRuNN, Pu.D., Pro- 
fessor of Zodlogy, Univ. of Penna. Second ed., revised. Pp. 748; 135 illus. 
Philadelphia and London: W. B. Saunders, 1943. Price, $6.00. 


For several years Heilbrunn’s “General Physiology” has enjoyed a wide 
circulation as a text for college students and a work of reference for others 
interested in the subject. The 2nd edition, enlarged and revised to the 
extent of being virtually a new book, will be of increased usefulness to both 
classes of readers. The ground covered by it is General Physiology in the 
broad sense of Bayliss in his ‘Principles of General Physiology” rather than 
in the more restricted one of the Journal of General Physiology. Included 
with more conventional material are such up-to-the-minute topics as the 
electron microscope and the use of tracer elements. Not the least valuable 
feature of the book is a well-selected list of over 4000 references to the litera- 
ture accompanying the text in convenient footnote form. The college student, 
the general reader interested in physiology, and the specialist will all find in it 
much that is useful and stimulating. M. J. 


Mepicat Puysics. Editor-in-Chief, Orro Guasser, Pu.D., Head, Depart- 
ment of Biophysics, Cleveland Clinic Foundation; Professor of Biophysics, 
Frank E. Bunts Educational Institute; Consulting Biophysicist, University 
Hospitals of Cleveland, Cleveland, Ohio. Pp. 1744; many figs. and tables. 
Chicago: Year Book Publishers, 1944. Price, $18.00. 


Is one who first looks over this huge volume to marvel more at the boldness 
of the publisher who conceived it—a pioneer of its kind—and then published 
a heavy $18 book in one volume, or at the energy of the Editor who with the 
aid of 23 Associate Editors and over 200 Collaborators selected and provided 
the text? It is not surprising that manuscripts were being turned in to the 
Editor from early 1941 to October, 1943. The Collaborator group includes 
a number of well-known authorities in their fields, which cover a wide range: 
Physics, Chemistry, Biology, Physiology, Pathology, Internal Medicine, 
Surgery, Neurology, Public Health and others too numerous to mention. 
The 200 or more items found in the Table of Contents are arranged alphabeti- 
cally as in an encyclopedia. In the Classified Table of Contents, including 
24 topics, from Anatomy to Urology, of course the subdivisions do not follow 
the paginated sequence. 

The book “attempts to embody a combination of an encyclopedia, suffi- 
ciently comprehensive to serve as a reference for all those whose occupations 
involve any aspects of medical physics; a textbook, adequately detailed in expo- 
sition to serve students; and a working instrument, in which may be found 
the data necessary for actual application of the principles of physics to medi- 
cine. Readers will undoubtedly discover that this volume falls short of the 
attainment of that ideal.’”” We regret to have to say that the last sentence 
is only too true, for various reasons that need not be gone into in detail. 
However, there is more than enough of value in the text as it stands to make it 
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well worth while; and the same vigorous editing can doubtless correct errors 
of omission and commission in future editions. And by “errors of commis- 
sion” it is not intended to mean inaccurate statements; there are many sec- 
tions that seem unnecessary, even out of place in a work of this kind. As one 
mar expect, some of the articles are inferior (poorly selected, poorly planned, 
and poorly carried out); but many more, especially if one takes the standing 
of the author into account, are just the opposite. Medical men coming to the 
book for information and instruction of a medico-physical nature will as a rule 
be well satisfied. One has only to compare the first edition of the Encyclopedia 
Britannica with the eleventh or fourteenth to visualize a far-reaching future 
for this first venture of its kind in Medical Physics. E. K 


BEHIND THE UNIVERSE: A Doctor’s Religion. By Louis Berman, M.D. 

Pp. 303. New York: Harper & Brothers, 1943. Price, $2.75. 

Tue author, an endocrinologist, states that man, the only species cognizant 
of his place and functions in the universe, will become extinct unless a way 
is found to end this ever-increasing destruction by his fellows. The remedy 
offered in this thesis is disclosed in the following chapters on the immortality 
of ideas, the isolation of individual consciousness, the continuity of the life 
personality, the brain as the medium of continuity, psychic forces in life 
history, the creative powers of the unconscious, from the unconscious to the 
superconscious, a world prepared for life, the universe as a psycho-continuum, 
the cosmic drive behind consciousness, the living as a multiple split personality, 
the return to the mystic participation and the God of evolution. 

From protoplasm to man, and finally to God, many topics are discussed—a 
range too great for comprehensive review. We are told how symbiosis— 
mutualism—is at work between plant and plant, between plant and animal, 
also between animal and animal. The life of the bee is cited, where though 
each insect has its own job, all work to maintain “the spirit of the hive.’’ 
In the case of man, it is claimed that his “chronic unhappiness has been due 
to the poisonous privacies and destructive discontentments bred of individua- 
tion.” A universal psychic symbiosis, a mystic participation, and a renais- 
sance of God-consciousness is offered for the salvation of the race. The 
author’s style includes many well-chosen metaphors. Though some may 
question the soundness of his doctrine, his thesis affords much interesting 
and stimulating reading. There is no formal bibliography and no ~— . 


NEW BOOKS 


Clinical Lectures on the Gallbladder and Bile Ducts. By Samur. Weiss, M.D., 
F.A.C.P., Clinical Professor of Gastroenterology, New York Polyclinic 
Medical School and Hospital; Gastroenterologist, Jewish Memorial Hospi- 


tal, New York; Consulting Gastroenterologist, Beth David Hospital, New 


York, Long Island, etc. Pp. 504; 124 figs.; 21 tables. Chicago: Year 
Book Publishers, 1944. Price, $5.50. 
Der Schwund Tuberkuloser Lungenkavernen. By Pror. Dr. WALTER BER- 


BLINGER. Pp. 130; 61 illus. Basel: Benno Schwabe, 1943. Price, 
15 Swiss Fr. 


The Jews and Medicine. Essays. By Harry Frrepenwap, M.D., D.H.L. 
(Hon.), D.Sc. (Hon.), Professor Emeritus of Ophthalmology, Univ. of 
Maryland. Vols.I and II. Pp. 817; a few figs. Publications of the Insti- 
tute of the History of Medicine, Johns Hopkins Univ. First series: Mono- 
graphs, Vols. II and III. Baltimore: Johns Hopkins Press, 1944. Price, 

7.50. 


The Riddle of Cancer. By Cuartes M.D. Translated by WILLIAM 
H. Woctom, M.D. Pp. 196. New Haven: Yale Univ. Press; London: 
Oxford Univ. Press, 1944. Price, $3.00. 
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Vascular Responses in the Extremities of Man in Health and Disease. By 
Davin I. ABramson, M.D., F.A.C.P. Pp. 412; 59 figs.; 4 tables. Chicago: 
Univ. of Chicago Press, 1944. Price, $5.00. 

Handbook of Nutrition. A Symposium Prepared Under the Auspices of the 
Council on Foods and Nutrition of the American Medical Association. 
Pp. 586; many figures and tables. Chicago: American Medical Associa- 
tion, 1943. Price, $2.50. 


History of Miners’ Diseases. By Grorce Rosen, M.D. Introduction by 
Henry E. Sicertst, M.D. Pp. 490; many figures and tables. New York: 
Schuman’s, 1943. Price, $8.50. 


A Bio-Bibliography of Andreas Vesalius. By Harvey Cusuine, M.D. Preface 
by Jonn F. Fuutron, M.D. Publication No. 6 Historical Library, Yale 
Medical Library. Pp. 229; 89 figs. New York: Schuman’s, 1943. Price, 
$15.00. 


Harvey Cushing Collection of Books and Manuscripts. Publication No. 1 
Historical Library, Yale Medical Library. Preface by Jonn F. Fuuron, 
M.D. Pp. 207. New York: Schuman’s, 1943. Price, $8.50. 


An Atlas of Anatomy. By J.C. Bortzau Grant, M.C., M.B., Cx.B., F.R.CS. 
(Epin.), Professor of Anatomy in the Univ. of Toronto. Vol. II. Vertebre 
and Vertebral Column, Thorax, Head and Neck. Pp. 390; 460 figs. Balti- 
more: Williams & Wilkins, 1943. Price, $5.00. 

The Methodology of Pierre Duhem. By ARMAND Low1nGcEeR. Pp. 184. New 
York: Columbia Univ. Press, 1941. Price, $2.25. 


Surface Chemistry. Edited by Forest Ray Movutron. Pp. 160; many figs. 
and tables. Washington, D. C.: Amer. Assn. for the Advancement of 
Science, 1943. Price, members, $2.75; to others, $3.25. 


Rorschach’s Test. 1. Basic Processes. By Samus. J. Beck, Pu.D., Head of 
Psychology Laboratory, Department of Neuropsychiatry, Michael Reese 
Hospital, Chicago; Associate Professor of Psychology, Northwestern Univ. 
Foreword by Wituarp L. VALENTINE, Pu.D., Head of Dept. of Psychology, 
Northwestern Univ. Pp. 223; many figs. and tables. New York: Grune 
& Stratton, 1944. Price, $3.50. 


Photo-micrography. By R. M. Auten. Pp. 265; 50 plates; 175 figs. New 
York: D. Van Nostrand, 1941. Price, $5.50. 


Persistence and Change in Personality Patterns. By KatTuerine ELLiorr 
Rosperts and Vireinta VAN Dynge FieminG. Monographs of the Society 
for Research in Child Development. Vol. VIII, No. 3 (Serial No. 36). 
Pp. 206; 26 tables. Washington, D.C.: National Research Council, 1943. 
Price, $1.50. 


NEW EDITIONS 


A Text-Book of Pathology. Edited by E. T. Bett, M.D. Contributors: 
E. T. Bett, M.D., Professor of Pathology, Univ. of Minnesota; B. J. 
Ciawson, M.D., Professor of Pathology, Univ. of Minnesota; and M. 8. 
McCartney, M.D., Associate Professor of Pathology, Univ. of Minnesota. 
Fifth ed. Pp. 862; 448 figs. (4 color plates). Philadelphia: Lea & Febiger, 
1944, Price, $9.50. 


Manual of the Diseases of the Eye. By Cuartes H. May, M.D., Consulting 
Ophthalmologist to Bellevue, Mt. Sinai and French Hospitals, New York; 
Formerly Chief of Clinic and Instructor in Ophthalmology, Medical Depart- 
ment of Columbia Univ.; and Director of the Eye Service at Bellevue 
Hospital, New York. With the assistance of Cuartes A. Perera, M.D., 
Associate in Ophthalmology, College of Physicians and Surgeons, Medical 
Department of Columbia Univ., New York; Assistant Attending Ophthal- 
mologist, Presbyterian Hospital, New York. New Eighteenthed. Pp. 520; 
387 figs. (32 plates, 93 colored figs.). Baltimore: William Wood, 1943. 
Price, $4.00. 
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Laboratory Methods of the United States Army. Edited by James STEvENs 
Smumons, B.S., M.D., Pu.D., D.P.H., Sc.D. (Hon.); and Cizon J. Gentz- 
Kow, M.D., Px#.D. Fifthed. Pp. 823; 108 tables, 103 figs. (8 color plates). 
Philadelphia: Lea & Febiger, 1944. Price, $7.50. 


Office Endocrinology. By Rosert B. GREENBLATT, B.A., M.D., C.M., Profes- 
sor of Experimental Medicine, Univ. of Georgia School of Medicine; Director, 
Sex Endocrine Clinic, Univ. Hospital, Augusta, Ga. Foreword by G. 
LomBarD Ketiy, M.D., Dean, Univ. of Georgia School of Medicine. 
Seconded. Pp. 243; many figs. Springfield, Ill.: Charles C Thomas, 1944. 
Price, $4.00. 

The Microscope. By R. M. Auten. Third Printing. Pp. 286; 17 plates: 
82 figs. New York: D. Van Nostrand, 1944. Price, $3.00. 


NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


Manuscripts intended for publication in the AMBRICAN JOURNAL OF THE MEDICAL 
Scimncgs, and correspondence, should be sent to the Editor, Dr. Epwarp B. Krums- 
HAAR, School of Medicine, University of Pennsylvania, Philadelphia 4, Pa. Articles 
are accepted for publication in the AMERICAN JOURNAL OF THE MEDICAL SCIENCES 
exclusively, except in the case of subsequent publication in Society proceedings. 

Manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
ILLUSTRATIONS accompanying articles should be numbered and have typed captions 
bearing corresponding numbers. For identification they should also have the author's 
name written on the margin or back. The recommendations of the American Medical 
Association Style Book should be followed. R»mrerEences should be numbered and at 
the end of the articles, arranged alphabetically according to the name of the first author 
and should be complete, that is, author’s name, journal, volume, page and year (in 
Arabic numbers). 

Return Postage should accompany all manuscripts but will be returned to the 
author if the manuscript is accepted. 


NEW NOTICE TO CONTRIBUTORS AND SUBSCRIBERS 


Activated by a directive from the War Production Board, we have changed the size of 
our type page for the ‘“‘duration’’ to effect an economy in the amount of paper used. 
While there is a smaller number of pages, the amount of material has not been noticeably 
reduced. 

We hope that any unpleasant effect produced by cutting down the margins will be 
accepted and approved by readers as a temporary war casualty. It is possible that 
more radical changes will have to be made later, but we are loath to change any more 
than absolutely necessary, a format that has existed practically unchanged since the 
Journal began in 1820. 

For the balance of the war, 150 reprints will be supplied gratis. Covers will be omitted 
on all articles. In ordering additional reprints, we will supply in multiples of 150. 
This modification is for the same reason as the change of format, 7. e., conservation of 
paper. 


NOTICE TO SUBSCRIBERS AND ADVERTISERS 


We desire to secure several copies of the March and May 1943 
numbers of this Journal, in order to comply with requests and 
need for replacements in long library ‘“‘runs.”” The war situation 
has made it impossible to print extra numbers to supply this 
demand. We would be very grateful to anyone who would return to 
the Publishers any unmutilated copies of these numbers for which 
they have no further use, and we would be glad to repay postage. 


| | | 
/ 


